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Parr IIL—COKING IN EUROPE.

HISTORY OF COKE IN ENGLAND.

‘Butlittle is known coneerning the history and the nses of coke in England until the beginning of the seventeenth
century; but as it would be impossible to burn pit or mineral coal for domestic or any other purposes by the methods
in use in early days in Great Britain withont produeing eoke as cinders, in the same way that cinders were
produced in burning wood, it is very probable that coke in the form of coal cinders was known at a very early day.
It is proved beyond doubt that coal was used by the Romans during their occupation, and cinders of the Roman period
are frequently met with., This view of the early use of coke is strengthened by the extract from M. Jars’ work on
metallurgy, quoted in the chapter on bee-hive ovens.

‘While it is probable that coke was not unknown at an early period in Britain, it by no means follows that it
was made for use in the arts, either domestic or manufacturing, as the immense forests at that time would make it
unnecessary to seek for a substitute for wood. The method of charring wood was well known in these early times,
and the charred wood was a better fuel than the charred coal,so that there would be no inducement to use coke
until charcoal should become scarce and high-priced. It is alsowell known that for many years a prejudice existed .
against burning ¢ stones”, as the coal was called, and in ignorant minds it was coupled with a species of witcheraft.

As the wood failed, however, the oubcrop of the seams of coal would natnrally be used, especially in the
manufacture of iron, in whieh such large amounts of fuel were consumed, and it would be but natural to subjeet the
coal, which was well known as a fuel, to the same treatinent as wood, and coking in pits or mounds would be the
result. ‘

One of the earliest references to the coking of coal is in a patent granted to Thomas Proctor and Willinm Peterson,
in 1589, for making iron and steel and melting lead ¢ with earth-coal, sea-coal, turf, and peat”. The scheme proved
a failure, two tons ouly having been made, so report says, at an iron works in Yorkshire, at a cost of 200 marks

- (£66 13s. 4d.) per ton. The chromicler quaintly remarks, ¢ Itis deere iron.” In this patentis a distincet allusion toa
preparatory freatment of the coal by “cooking”. A shork time atter this, in 1500, a patent was granted to the Dean
of York “to purify pit-coal and free it from offensive smell”. In 1620 a patent was granted to a company composed
of Sir William St. John and other knights, esquires, and gentlemen, with a Hugh Grundy, who was the “practical”
man, for “charking” sea-coal, pit-coal, stone-coal, turf, peat, ete., and employing the same for smelting ores and
maruficturing metals and other purposes. The praject originated with Grundy, and referred specially to the
making of coke by a process invented by him some time before. '

About this time considerable attention began to be paid to the charring or eoking of coal, not only in
connection with the smelting experiments whieh were going on, but with a view to its employment for other
purposes as well, In 1627 a patent was granted to Sir John Hacket and one Octavins de Strada (who two years
before had been making attempts to smelt with coal in Hainaut) for a method of rendering sea-coal and pit-coal
as useful as charcoal for burning in houses, without offense by the smell or smoke. A few years afterward
(1633) another patent was granted to a company consisting of Sir Abraham Williams and others for a new way of
“charking” sea-coal and other earth-coal, and for ¢ preparing, dressing, and qualifying them so as to make them
fit for the melting and making of iron and other metals and many other good uses”,

During the next three or four years some eight or nine patents were granted for the employment of smokeless
preparations of coal; and though the application of cole to the smelting of minerals was not successtully accomplished
till long afterward, it came into use at this time for several other purposes, particularly for making malt. Houghton
tells us that up to about 1640 the malt was made with straw fuel in Derbyshire, but that it then came to be made
with coke, which occasioned an improvement in the quality of the brewings, ¢and brought about that alteration
which all England admired.”, ‘ %,

A little later an attempt to substitute coke for coal in house fires was made by Sir John Winter. The project
is referred to by Evelyn in his diary under date of 11th of July, 1656, in the following terms: )

(ame liome by Greenwich Ferry,wwhere I saw Sir John Winter's new project of charring sea-coale to burne out the sulphure snd
render it sweete. o did it by burning the coals in suclk earthen pots as the glasse men mealt their mettal, so fiving them without
consuming them, using a harr of yren in each crucible or pot, which bar has a hook at one end, that so the coales, being mealted ina
furnace with other erude sea-coals under them, may be drawn out of the pots sticking to the yron, whence they are beaten off in greate
halfe-exhausted cinders, which being rekindled make a cleare pleasant chamber fire, deprived of their suiphur and arsenic maligpity.
‘What success it may have, time will discover.

Sir John sent some of his “ cooked coal”, together with a new-fashioned grate, to several great men for a trial,
but his project did not succeed. :

In 1662 Dr., Fuller wrote:

It is to be hoped that a way may be found out to eharke sea-conl in such manner as to render it useful for the making of iron. All
things are not found out in oneage, as reserved for future discovery; and thasperchance 1nay be easy for the next which seems impossible

to this generation. (&)

a For many of these details I am indebted to the Histery of Coal Mining. R. C. Galloway.. London, 1882,
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Dr. Plot, in his Natural History of ;S’t(m"ordshwe, published jn 1686, states:

They have & way of charring the coal, in all particulars the same as they do wood, whence the coal is freed ﬁom those noxious
steams that would otherwise give the malt an ill odor. The coal thus prepared they call “cokes”, which conceives as strong a heat,
almost, as charcoal itself, and is as fit for most other uses, but for melting, fining, cr refining of iron, which it cannot be brought to do,
though attempted by the most skillfnl and curious of artists.

Swedenborg, who was an able metallurgist, in his book on the Subterranean Iingdom, published in 1734, states
that in certain districts in England coke was employed in smelting iron, and that cinders and coke were synonymous
terms, This would indicate that the date (1735) usually given as that of the successful introduction of the smelting
of iron with coke is erroneous.

Jarg’ statement, made in 1769, that coke was made in England, not only in heaps, but also in closed ovens,
is elsewhere mentloned His statement would lead to the belief that the method of coking in heaps was in use on
the continent of Burope; a belief that is confirmed by the fact that the iron manufacturers of Liége, a short time
after this publication, adopted with success the method of coking in closed ovens.

 About the same time, aceording to Horne, (a) coking in ovens was carried on in the villages around London,
the coke being prepared for the use of maltsters and for some other purposes. He gives the following description
of the process: ' : :

These ovens being from time to time chﬁrged with a proper quantity of coals, they set them on fire. Near the front or opening of
these ovensthe chimneys are placed, at which outlets, when the coals become sufficiently ignited, the flames which play round the interior
parts of the ovenmake their exif, carrying along with them a very considerable part of crude sulphur. The workmen employed at these
ovens, when they imagine the coals are sufficiently burnt, draw them out with an iron raker upon the ground before the oven, where they
endeavorto stifle the yet remaining part of the sulphur by quenching them with a'deluge of water, Thusthey goon charging, discharging,
and suffocating till they have completed their intended quantity.

An experimental coke oven, on a plan proposed by Horne, was erected in Staffordshirve, and, it is stated, with
a suceessful result. The details of the plan are not given. It appears, however, that the oven consisted of a
closed arched chamber, and that on trial it was found to be desirable to leave some outlet ¢“in the top of the
crown” for the escape of vapor, in order to prevent the blowing up of the oven. In 1781, according to Bishop
‘Watson, the applicationt of coke to the smelting of iron had become general in England, and coke ovens were in
operation at Newcastle-on-Tyne, and even at Cmmbrldge, where the coke was used for drying malt. ()

1t was this extension of the use of coke in the smelting of iron that gave its manufacture prominence. Up to
early in the seventeenth century charcoal was the only fuel used in iron-smelting; but during the reign of James I
several patents were granted for the exclusive right to manufacture iron with pit-coal, none of which were
successful until 1619, when Dud Dudley succeeded and obtained a patent for fourteen years.

At this time many of the iron works were idle from want of wood. Remarking on the rapid exhaustion of the
forests of England, Mr. David Mushe( (¢) estimates that the amount of charcoal necessary for the manufacture of
iron alonein the year 1615 would be 28,063,000 cubic feet. Supposing an acre of ground to afford 2,000 cubic feet of
timber, he estimates that 14,031 acres of land were annually stripped to supply the iron manufactories. Though pit-
coal had been mined at Newcastle priorto 1272, and vast quantities of it had been annually exported to Holland and
‘the low countries for the use of the smithies and other mannfactories requiring an intense and continued heat, yetin
England prejudice was very strong against its application to the manufacture of cast or malleable iron, and smithies
and nail forges and manufactories of every sort were still ecarried on by means of charcoal. As a result of this the
price of iron advaneed, and those manufacturers whose supply of wood was undiminished were, of course, hostile
to any improvements by which other fuels could be used.

Dudley continued his experiments with pit-coal with varying success and under many discouragements for a
number of years., Other patents were also faken out for the manufacture of iron with coal, in one of which, that of
Captain Buek, it is believed Cromwell was a partner. In 1663 Dudley applied for his last patent, setting forthin his
application that at one time he was able to produce 7 tons of pig-iron weekly. His uncommon suceess produced
combinations against him, which terminated in hostile attacks upon his works. This rivalry in the business, and

his attachment to the royal cause during the eivil war, brought successive misfortunes upon him, and interfered .

with the use of his improvements, and the refusal of a new patent after the restoration prevented him from again
entering into the business.

Mr, I. Lowthian Bell, the well-known aunthority on blast-furnace phenomena, believes that if Dudley had meb
with encouragement instead of persecution he would ultimately have been led to treat mineral fuel as they had
previously doue the vegetable, viz, char it. (d)

Though Dudley’s last application for a patent was in 1663, his experiments really ceased in 1657, and from
that time for nearly eighty years the art of making iron with pit-coal was lost, Abraham Darby’s invention of the

- use of coke in blast-furnaces completed the work of his unfortunate predecessor, though in the meantime efforts

o Fssays concerning Iron and Steel, by Henry Horne, London, 1773.

b See Perey’s Metallurgy, London, 1875, page 416,

¢ Papers on Iron and Steel, Practical and Experimental, by David Mushet. TLondon, 1840.
d See Chemical Phenomena of Iron Smelting. London, 1872,
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to use coal had not entirely ceased, and in some cases even coke was used in the blast-furnace. Leigh tells us in
his Natural History of Lancashire that shortly before 1700 iron was being made “ by means of cakes of pit-coal”
(% e, coke). ,

It is generally conceded that the credit of the first successful and continued use of coke in the blast-furnace
is due to Abraham Darby. The date of Darby’s invention seems in doubt, (¢} some anthorities placing it as early
as 1713, others about 1735, and still others at 1750. The statement of Swedenborg, before referred to, would indicate
that it must have been at least as early as 1735, and this is the date usually assigned.

Percy thus describes his experiments: (b)

Young Abraham Darby entered upon the management of the Coalbrookdale Iron Works about 1730, As the supply of charcoal
wasg fagt failing, Abrabam Darby attempted to smelt with a mixture of raw coal and charcoal, but did not succeed. Between 1730 and
1735 he determined to treat pit-coal as his chareoal-burers treated wood. He built a fire-proof hearth in the open air, piled upon it a
weircular mound of eoal, and covered it with clay and cinders, leaving access to just sufficient air to maintain slow combustion. Having
thus made a good stock of coke, ho proceeded to experiment upon it as a substitute for charcoal. He himsclf watched the filling of his
farnace during six days and nights, having no regular sleep, dnd talking his meals at the furnace-top, On the sixth evening, after many
-disappointments, the experiment succeeded, and the iron ran out well. He then fell asleep in the bridge-house at the top of his old-
fashioned furnace, so soundly that his men conld not walke him, and was carried to his house, 2 quarter of a mile distant.

‘While the ehange in fuel from charcoal to coke was being bronght about the manufacture of iron in England
declined so'rapidly that in 1740 the number of furnaces was only 59, a reduction of 25 per cent.,’and the make of
pig-iron only 17,350 tons. The production rapidly advanced, however, under the stimulus of Darby’s discovery, until
1788, when of 61,300 tons of pig made 48,200 were smelted with coke and but 13,100 with charcoal. It is also but
just to state that Watt's improvements in the steam-engine, and the great changes that took place about this time
in the form and constroction of furnaces, contributed to this advance. At the present time little or no charcoal
iron is made in Great Britain.

We have entered thus fully into the history of the progress of the manufacture of pig-iron with coke, as this
industry and that of coke-making are so closely identified that it is almost impossible to state the history of one
without making it also a history of the other, Outside of the use of coke in the iron industries its consumption
js but comparatively small. In all attempted improvements in ovens and methods of manufacture of coke the
ruling question as to their adoption is, ¢ What kind of a blast-furnace fuel is the resulting coke $” and as the coke
is improved or injnred for this purpose by the new methods the improvements have been adopted or rejected.

As has been already stated, the earlier method of making coke in heaps or mounds soon gave place, as the
demand for coke for iron-smelting increased, to the bee-hive oven, and this in turn, in some countries, though to
no great extent in ngland, to the 1mpmved form of ovens commonly knowu as the “Belgmn 7, These changes
and improvements will be treated of under their appropriate Lieads.

In addition to these changes methods have been adopted for utilizing the waste heat of the ovens for raising
steam, and, as is stated in the chapter on the utilization of waste produets, for ntilizing the ammonia and tar from
the waste products of combustion. In at least one case, also, these waste gases, having first been enriched, are
used for lighting purposes.

Outside of the improvements already noted but very few changes have been made in the methods of operating
the ovens, and these mostly in the line of greater economy in charging the coal, discharging the coke and
watering it, and loading it npon cars. “Hoppers,” ¢ trolleys,” and “larries” have been substituted for charging the
ovens, instead of the old plan of throwing the coal through the door by means of shovels, drags and mechanical rams
for discharging the ovens have taken the place of hand-labor and a hook, and the coke is quenched with a bose
and nozzle instead of the primitive bucket. In the management of the oven, also, practically three levels are
used, the first or highest containing the track on which the charging larries are run, the second on a line a little
below the bottom of the oven, called the ¢ coke-wharf?” in this country, upon which the product of the ovens is
discharged, while the third level, a little lower still, is occupied by the railroad, the top of the cars being on a line
with the wharf, thereby giving gleater facility for loading. It is impossible to follow chronologically the course
and the development of these improvements; the best that can be done is to indicate their results.

COKING IN GREAT BRITAIN AND IRELAND.

No complete statem(,nt of the present condition and extent of the manufacture of coke in the United Kingdom
has been obtained ; indeed, it is doubtful if such a statement exists in any form accessible to the publie. Cokeis
generally regarded as a form of coal, and its statistics are ineluded with those of coal, the coke sometimes being
reduced to its supposed equivalent in coal and sometimes not. Tven the Mineral Statistics of the United Iingdom
furnish no complete statistics, nor do they give data from which even the make of coke can be estimated.
Coal and coke are usnally reported together, but the exports of coke are given separately. It is possible to

a See Jevon's Coal ()uesuon; also Scrivenor’s History of the Coal Trade, which puts it at 1713, - Mr., M. M. Johnson, of the Kingswood
colliery, England, in a lecturs delivered before the Bristol Mmmg School pubh.shed in the Colliery Guardian of February 2, 1877, page

‘ 461, also gives the date as 1713.

b Perey’s Metallurgy, ““Tron and Steel,” page 838,
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estimate the consumption of coke in the blast-furnaces of certain districts, and some of the railroads distingnish
between the coal and coke carried over their lines, butin the tables of total production coke disappears. Statements
as to the amount of coke consumed in certain industries are sometimes published, but all snch statel_nents, ag well
as those professing to give the output for certain districts, are only estimates more or less aceurate, Whll(f stntoxne}lts
showing even the estimated total production of the United Kingdom for recent years are almost, if not quite,
wanting. '

Notwithstanding this dearth of positive information regarding Inglish coke, sufficient is known to warrant
the classification of ity manufacture among the important industries of Great Britain; important, not only by
reason of the aggregate tonnage produced, which must be considerably in excess of 6,000,000 tons gross annually,
bt also because of the wonderful development of the British iron trade which its manufacture has made possible.
The pre-eminence of Great Britain in the manufacture of iron is due to its possession of abundant deposits of coal.
When the kingdom had been well-nigh stripped of its forests to furnish charcoal to smelt its iron ores, and
the high price of pig so smelted promised to send this manufacture at least to countries having abundant;
supplies of charcoal, it was Darby’s invention or rediscovery of theuse of coke for smelting that gave to its Dlast-
farnaces a new life, reduced the eost of pig-iron, and retained its manufacture in Great Britain. As other countries
have advanced in the manufacture of iron, there can be no question that the Unifted Iingdom has retained its
pre-eminence in the iron markets chiefly by reason of the excellence, abundance, and cheapness of its coke. Theso
have made possible the utilization of its low-grade ores in the production of pig-iron at a low cost, and have
rendered feasible the continued competition of English iron with that of other nations, not only in the general
markets of the world, but often in the home markets of these nations. :

The most important coking district in Great Britain, and consequently in the world, is the Durham, which lics
in the northeastern part of England, The production of this district is not only largely in excess of that of any
country in the world, but the Durham is a typical blast-furnace coke, bright, resonant, cellular, and low in ash
and other impurities. Taking the average of numerous analytical results of the best varieties of Durham colco,
6 per cent. of ash and abont 0.60 per cent. of sulphur may be considered as the proportion of these constituonts.

Ag to the extent of the Durham coal-fields that produce the coking coal there seems to be some difference of
opinion. Mr. T. Y. Hall, in a paper published in the proceedings of the North of England Ingtitute of Mining
Ingineers, includes in this field the coal-seams from Btherly on the south to Wylam on the north, an average
distance of 20 miles long by about 8 wide, or 160 square miles. Mr. A. L. Steavenson, however, in a paper read
before the Iron and Steel Institute of Great Britain, states that the field of coking coal extends from Bradbury
station, on the Northeastern railway, on the south to Gateshead on the north, 23 miles long by 11 miles wide, or 257
square miles. Mr. Steavenson is probably more nearly correct than Mr. Hall, the difference in the estimatos
arising probably from a difference of opinion as to the classification of the coal in certain seams.

The typical Durham coal is high in carbon, low in sulphur and ash, and with butlittle care or preparation burns
into a most excellent coke. The Dbest coal is obtained from the lower seams. The Brockwell and Busty scams,
innthe Brancepeth district, may be taken as fairly representing this coal. The analyses of these coals, are as.
follows: ‘ , ‘

\ DBUBTY BEAM.

Constituents,* Broolewell
seam.
Upper part. | Lower part.
Per cent. Per cent. Per cent, -

CArOn . v eveimiee i e 8122 78.46 83,40
Hydrogen.....cocoeeoenniiiann.l. 4.70 4,42 4.40
Oxygen and nitrogen................ ! 0.45 8 82 7.18
A3 3 o eenseans 0.85 0.99 |~ 0. 90
Ah e 8,28 . 6.17 3,60
Sulphur. e e, 0.81 . 1.83 1,00
Tobaleoeremirnienecriannnnenn, 100, 81 1100. 69 100,88

»*Authority, I Lowthian Bell.

The coal of the above seams yields from 60 to 65 per cent. of its weight of coke. Its purity will be seem
from the appended analyses of the coke made from the seams in the followin g collieries:

Collieries. Carbon, Ash, Sulphur. Water,
4
Per cent, Per cent, Per cent. Per cent.
Hamsteels ..o vmvveceiiennneanreas 92, 55 6.36 0. 8L 0.21
Comsett .oouere i 01,88 .69 0.84 0.87"
Whitworth ..ot ioiiiiiiiaeennen 91, 56 6. 69 121 0. 54
South Brancepeth .uveeenniio..... 98.41 5. 80 oot | 0.36
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This coke is extremely hard and strong, and is capable of resisting a very hlgh column in the blast-furnace, a
cube 2 inches square, made at the Clarence iron works, having supported a Welght of 25 hundred-weight when cold
and 20 hundred-weight when hot before it was crushed

The oven used, almost without exception, is the bee-hive, and at some works are larger than those used in
this country. At the Consett iron works they are 11 by 114 feet. At the Browney colliery an oven with flues
similar to those in Cumberland and other districts is used, and at least at one works the Carvés oven is used, The
bee-hive oven, thongh not giving as high a yield as others, is believed to produce the hest coke for iron metallurgical
purposes. The coal, however, cokes readily, and produces a good fuel without much care. There are from 15,000
to 16,000 of these ovens («) in use in Durham, in which about $5,000,000 are invested. (5) The time of burning
varies frem 24 hours to as high as 120 hours, according to the weight of the charge and the use to which the eoke
is to be put. Shipping and smelting coke is burned from 72 to 96 hours; the Sillsstone coal, ernshed and washed,
when intended for use in steel worlks, is burned from 72 to 80 hours. ‘

The annual production of coke is estimated by Mr. Meade at 4,000,000 tous, (¢) and the value as exceeding
$10,000,000. Coke-drawers to the number of 2,000 were employed. Mr. I. Lowthian Bell estimates the output of
coke of the counties of Durham and Northumberland at 6,000,000 tons annually, and his opportunities for making an
estimate are so good that the statement may be accepted as correct. In this case more than 2,000 drawers would
be employed. A good man can draw coal and do a share of the charging of six ovens. The coke is not only
largely used locally in locomotives and the various operations of iron-making, but is largely exported to other
districts of England and to foreign countries, and is chiefly used in iron smelting, though the hard-burnt is used in
Sheffield to some extent in melting crucible cast-steel in the form of steel furnaces known as “coke-holes”, or “colke-
furnaces”,

In recent years the quality oi‘ Durham coke has not been so uniformly good as formerly, Not only has
counsiderable coke been made from washed coal, but some seams are now used for coking that formerly were not
regarded as sufficiently pure for the purpose; ab least the coke could not compete with that made from the best
seams of coal. Mr, E. Windsor Richards, in a paper read before the Cleveland Institute of Engineers, in November,
1880, remarks that there was no hiding the fact that large tracts of the best coking coals in the county of Durham
had been worked out, and though there was still a very large quantity of good coking coal left, yet some of the inferior
geams.were being largely worked with very little attention to the cleaning of the coal. Attempts are made in
many cases to reduce the impurities to a minimom by crashing and washing, but even this is not successful. The
washer used is the old trongh type, which is not only wasteful of coal, but is an imperfeet separator,

Concerning the other districts of England in which coke is made, still less information is obtainable than
concerning Durham. In none of them is the coal so well adapted to coking or so pure as Duarham, and the
coke produced is not as good, especially for use in the manufacture of iron. In most of these districts but little
attention was paid to the production of a good quality of colke until within the past few years, when colliery
owners found that it would pay to make coke suitable for iron-smelting., The Dbest appliances are now being
introduced, and the manufacture of it is extending in the districts outside of Durham, and, by using care in
its production, a very good quality is made, which, is not only consumed in the local iron works, but is shipped
to other distriets of England and to foreign conntries.

It must be borne in mind, in speaking of the character of the cokes of other districts as compared with the
Durham coke, that the latter is an extraordinarily good and pure fuel, and while the cokes of all of the other
districts are inferior as compared with Durham, yet, as compared with those of France. or Belgium, they are in
many cases equal, if not saperior.

Tt is also worthy of note in this connection that the production of coke is not now confined to those districts
and seams which yield the best coking coal. The introduction of recent improvements in the manufacture of
coke has enlarged the area, permitting its production from coal that would have been previously rejected as unfit
for that purpose. 4 _

Next to Durham the most important coking district is South Wales, The manufacture of coke is here carried
on quite extensively, the greater part of which is used in the manufacture of Welsh iron, copper, and tin, though
some is sent to other districts of Great Britain and tp foreign ports. ‘

The coals of this district vary considerably in their composition, the seams occupying the northeast side of
the Welsh basin being chiefly coking or semi-bituminous, those of the northwest anthracite, while the seams in the

. @ The Pall Mall Gazette estimated them at 16,000 in 1879, Mr. Steavenson’s estimate in 1877 was 14,000.

b The Iron and Coal Industries of the United Kingdom, page 15, I am informed by a genfleman who has had considerable experience in
building ovens in this distriet that the cost of a 11-foot oven in 1869 was about £95. In 1876 the contract price at the Brythorpe colliery
was £52 odd . ‘ :

¢ 'The Pall Mull Gazette in 1870 estimated the production at 5,000,000 tons and the number of coke-drawers at 1,700, each. drawing
" 2,800 tons a year. -Thirty years before, the production of all England was, nccording to the Pall Mall Gasette, 2,500,000, and twenty years

‘before 3,500,000 tons,
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center of the coal-field are semi-bituminous. Truran gives the following analysis of a coal from the northeast side
of the basin near Pontypool, which was used for coking:

Per cent;
L0 T 80. 4
o) 1 5.7
L0 g 5.3
1 15 1.2
B P e oo i et e e e e s e tawme amea e e mma aeme e e e e tmmmen s 0.9
Earthy materials «au e oo e i e i i i rumr et ceraaeaac s cecnaecemasuammae e las 6.5

Specific gravity, 1.29; yield of coks, (6 per cent, The earthy matter shows the portion of ash, (a)

Of the coal that is classed as coking some seams yield a very good quality of coke without washing, but with
1uch of the coal a previous washing is necessary to give a coke of sufﬁcwnt purity and freedom from ash to be
desirable as a furnace fuel.

The oven used most generally in South Wales differs from that in use in Durham, the latter being, as before
stated, of the well-known bee-hive form, while the Welsh oven is a modified bee-hive, almost rectangular, and is
adapted to discharging by mechanical means. As generally built this oven is about 14 feet long, 5 feet high, and 6
feet wide at the front and 5 feet at the back, this difference between the width of the front and back being to
allow of ease in drawing the charge. The eoke is drawn by means of 2 windlass attached to a wrought-iron bar
laid along the length of the oven, another being laid transversely across it at the back, both being placed in
position before the oven is charged. The ovens are generally built back to back, with a chimney between, sometimes
with side and bottom flues, the Welsh oven in these respects auticipating the Belgian, and are in some cases
clhiarged through the top, in others through the door. The coke is sometimes cooled in the oven and sometimes
after it is drawn, -

The charge is about 4% tons for the first three days in the weel and 5 tons for the remaining four days. Tor
the coking of the smaller charge 72 hours are generally allowed, and for the larger 96. Asis noted elsewhere,
at the Ebbw Vale, Dowlfus, and other works the Coppée oven has been introduced.

As is stated in another chapter, the manufacture of coke in the ordinary way in South ‘Wales, althougl
-exceedingly hard and dense fuel is produced, does not appear to have attained all the economical results possible.
Experience has shown that the carbonization of the coal is not complete, the long, deep fissures in the coke thus
manufactured exhibiting, on examination, a considerable amount of dark carbonaceous matter not earbonized.

No statistics of the output of coke or of the namber of ovens in this district have been obtained,

Considerable coke is also made in Tancashire, though the coal is even less adapted to coke-making than either
the Durham or the South Wales, and most of it is crushed and washed before coking. At the works of the Wigan
‘Coal and Iron Company the slack from their extensive pits is coked after being washed, the coking being done in
8-ton ovens, the process occupying five days. Sowme Coppée ovens are also used in this district with good results.

I am indebted to the kindness of Mr. W. H. Hewlett, of the Wigan Coal and Iron Company, limited, for the
following description of this field :

The coke district of Lancashire is divided ‘in‘to two parts, southwest Lancashire, of which Wigan may be considered the center, and
which is some 23 miles from Liverpool, and hortheast Lanecashive, of which Burnley may be considered the center, some 45 miles from
Liverpool.

nginning with the former we talke first the nature of the coal from which coke is produced.

The coke here is made altogether from slack (that is, riddlings whioh pass through a mesh of three-quarters of an ineh) from the
Arley mine seam. This seam, a bituminous coal, is the bottom seam of the Wigan distriet (save the mountain measures, whiclh are too
thin here to be profitably worked), and varies in depth in the district from some 140 to 800 yards. The coal from the seam is used, the

largest for house purposes, the next size for gas purposes, and the slack, as hereinbefore named, for the manufacture of coke.
The following may be considered a good average analysis of the quality:

Per cent.
U U Y 4.40
D T e e e d i d s ettt et nie e esemame b e mesaeiaeaaenan saete amamnafenmmeaesameeeaennarsmiaan e nennnn 160
Volatile mattor e o eeadm e s aameneaeeaedtan e n e saneesesaansenttinatanmmentratraneennn 82,15
B 5 Ca T T« U P 62. 21

To male this slack into coke there are something like 1,700 ovens in this district, of which the company I represent owns about 7
The slack is washed to remove pyrites and dirt, and is at the larger WOlkS (our own, for instance) crushed afterward beforse bemfr
coked.
The following may be regarded as a fair average analysis of the coke produded :
. . Per cent,
......................................................................................................................................... 8.70

.......................................................................................................................................

. The ovens are bee-hive almost entirely, The coke is used principally at blast-furnaces, but cmnmands some
trade among the founderies in the neighborhood.

. In the Cumberland district, where there are large depos1ts of rich hematite ores, most of the coke used is

brought from Durham, at a cost of (June, 1880) from 8s. to 10s. a ton for freight alone. It is stated that 1,000,000

a Trovan: On the Manufacture of Iron, third edition (London, 1865), page 11,
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tons of coke were used at the iron works of this district in 1877, of which but 50,000 were made in the district.
Though the coal of Cumberland has an excess of ash and is high in sulphur, it is believed that both of these can
be much reduced by careful washing and coking. .The Coppée oven, which is especially designed for coking finely-
divided coals, is being used successfully, though ordinary ovens are used also. In 1878 and 1879 chre was
considerable activity in the Cumberland coal-field in building ovens and malking coke. At this date three or four
seams of coal were worked in the West Cumberland coal-field from which coke was made. A large part of the
coke, however, was made from slack or sereenings and small coal, generally washed. The largest colre manufactory
atthe time was at the Clifton colliery of the West Cumberland Iron and Steel Company. Iarly in 1879 this company
had 92 ovens at work and were making about 26,000 tons of coke from 46,000 tons of coal, the coal being crushed
and washed at an expense of 5d. a ton. There were also coke ovens at several other collieries. These ovens, while
they were built somewhat on the bee-hive plan, differed from the ordinary bee-hive in being built back t<’) back
with large flues between the backs running the entire length of the row, each oven having a connection with this
flue, the flue being connected at the end with a large chimney. The ovens are charged through the top and drawn
in the ordinary way. '

In some cases the waste gases from the oven, after passingthrough the flues and before passing into the chimney,
arve condueted under boilers and the waste heat is utilized, these boilers supplying steam for working the machinery ‘
in erushing and preparing the coal, for the engines pumping the water from the pits, and in drawing the coke,
where mechanical means are used. :

The great coal-field which occupies so large an area of Yorkshire is the most continuous of the coal-fields of
Great Britain, its length from north to south being upward of 66 miles and its breadth from 5 to 20 miles. Sheffield
oceunies the center of this great body of coal. In the southern part of Yorkshire the great seam is the Barnsley,
which far exceeds in thickness any other of the known seams, except the Silkstone. This latter seam is the most
highly prized in the Yorkshire field. Indeed, these two are practically the only seams wrought, and it is probable
that no others will be touched, except for loeal consumption, until they are exhausted.

Tt is from the “smalls”, or the fine coal of these two seams, that practically all the South Yorkshire coke is made.
Up to a few years ago the production of coke was limited to the requirements of the Sheffield trade, chiefly for
steel melting; but with the development of the Barnsley coal and the contemporaneous discovery of the oolitic
ores of Northampton came a demand for a grade of coke which the small coal from the Barnsley seam without
washing was well calenlated to produce. This coke contains more carbon and less ash and other impurities than
the Silkstone, and as a result thousands of tons of this fine coal, instead of going into unsightly and useless piles
or being used to ballast railways, are utilized in coke-making. Latterly it is stated that the condition of the
market for coal hias been such that it has been more profitable to make the “run of the mine” into coke, and a
_ large number of ovens, upward of 1,000, were erected in the Barnsley distriet in 1881. The coke from this coal
is competing with that from the Silkstone seam, and even with the Durham. Bee-hive ovens 11 feet in diameter
ave most common in this district. The coal is generally crushed in a Carr’s disintegrator.

The following shows the range of the analyses of the Barnsley coal from six collieriep:

Per cent.

CIATII0I - o e e eamce e e amm emm e en e ek emeaaemeeemaee mmmme mem o aeascecaanvan s 80.500 to 82.520
5,025 to 5,500

TLYATOZON - - ovveame cammms mmmn caas Soaeanas poncrs et g eemmat e et emaeaaaas
(059741711 R D Lt eacismsaeranmcescssesara e e L G.205 to 8,243
NABLOGEIL « e e v wmmmme wwmeo s s rra oo scis seacmammme edmmmesacans oot oeisssemsstesaaiasoccaaanns 1.496 to 2.120
Sulphur e et e memiewmeaiesaneeseeecniaee e tamaar sammas seoonssans 1.144 to 2.100
N USRI TRPOREI PS . ) 4,100
TH01d OF COIKE v s e een mame emamme e cmemmi smmm s ememe ame e mem ammeamaan e cann sammay vacmen aee 02,000 . 65.5R0

p=——rer

Specific gravity..ceveesceecneainnaaany T R LT LT =966 1,990
The Silkstone seam, so named from the village where it was first worked, also furnishes a coal well adapted
for coking. (¢) Its analysis is as follows:

Per cont.
Loy 1y U L AL AR L AR LLEL 80, 46
TLFLEOEOIL e eeee e mcmm wsee cmme s rme s o mam = oot e m o e e st mmemsmsamsonesfnelfnessoessesseorenssiiciss 5.08
NILLOZOIL «evnaenansmammmammmvanmnn omn e et reemenaeanonn T 1.67
OXYEOIL « e eaemam aommes <mo o sams CeamesetoomS nneasaals s ssassoasefacessesscissessnssmesconoestoses 6,80
STLPIITT ©acms «ecs cevs mmmm mmem smm men htmmaae o te s eoeseeneoeesesemsatssusdsesmsssoneorsersooesos 1,65
ABDL oot et e et e eae et e s e s P S '3.30
DNLOISEUT® o o o o n e sammen cmmm amason eme smmmesamamas e eecmas cemeaseasass s oerecamissseecsassausemsnossee 1.04

'When coked, the yield is about 60 per cent. The coal from this seam raised at the Hoyland colliery yielgls
64.48 per cent. of coke. This coal is extensively coked, and produces a pure, strong coke, which is in good demand

in the steel works of Sheffield, where it is largely employed. ,

Of the coke made in the other districts of the United Kingdom our information is of the most meager
description, and covers very little else than the facet that it is made.

In Staffordshire some coke is manufactured, though the supplies for South Staffordshire come from Derhyshire.

o See Meade, page 41,
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These dlsi,rlcts and Yorkshire, with Durham, Lfmcashlre, and South Wales, should be regarded as the chief seats
of the coke manufacture of the United Kingdom; but here, as elsewhere, concernmg output, ovens, etc., the report
must be, ¢ No returns,”

In London some coke is made from the sereenings of the coal-yards, similar to that made at Cincinnati. There
are quite a number of these establishments in London, one having 21 ovens, another 12, another 9, and others
various other numbers, and are mostly situated on the river banks.

Regarding coke in Scotland, the only definite information received is that in 1378 there was & bank of 160
ovens at the Haugh works of Messrs. William Baird & Co., in Lanarkshire, which at that time was the most
extensive works of the kind in Scotland.

Concerning Ireland, the statement is made that, owing to the great competition with English coke, its
manufacture scarcely pays the cost of production and carriage.

During the past few years many attempts have been made to utilize the gases and save the waste products of
combustion, especially ammonia and tar, but the snecess has not in most cases been such as to justify the adoption
of the process. The waste heat is used at many places in making steam, and the experiments in collecting the
waste products have shown that it can be done. The coke, however, was found to suffer much in quality, so that
what was gained in one way was counterbalanced by a loss in another. Some recent experiments are said to have
been more suceessful, so that there is every probability of the valuable products of the gas being obtained without
injury to the coke. Messrs. Pease & Partners have recently adopted the Carvés system with excellent results,
and other systems are being tried. These will be referred to in another chapter.

As has been stated, there are no reliable statements as to the amount of coke produced in Great Britain. Mr.
Richard Meade, to whose work (The Iron and Coal Industries of the United Kingdom) I am so much indebted for
information, writes me on this subject:

The Newecastle and Durham districts of the Great Northern coal-field are the most important and extensive in Britain, Mr. A,
L. Steavenson, a vice-president of the North of England Institute of Mining Engineers, in a paper read before that body and printed in
their transactions (vol. viii, 1859-60) gives the following estimate of the coke trade for the year 1858: Coke used in the iron trade,
4,032,070 tons; coke exported, 227,552 fons; railways, ete., 641,011 tons; total for 1858, 4,901,233 tons. The number of coke ovens
employed, about 16,660; and the number of hands employed in the kingdom, about 4,000. -

In the same year, in Darham and Novthumberland, the. prodnetion of coke was about 2,000,000 tons, employing 1,600 hands, the
capital embarked in the coke trade being about £500,000, yielding about 10 per cent. annually.

In the year 1880 the consumption of Durham coke alone in pig-iron mannfacture amounted to 4,500,000 tons, and as the make of
pig-iron in the same district has increased since 1880 the coke manufacture will have increased in proportion. There is, however, no
information of which I am aware showing the extent of increase that i at all veliable.

As a large number of the iron works in this country manufacture their own coke, it is a very difficult matter to arrive at the
production even approximately.

From page 41 of the Annual Beport of the British Iron Trade Association for 1881 T extract the following:

The production and consumption of colke during 1880 has exceeded all former experience. In Cleveland, Cumberland, and North
Lancashire, unitedly, about 4,000,000 tons of pig-iron were made last year, exceeding by nearly a million tons the largest quantity macde
in any former year. And if an average consumption of 223 ewt. of coke per ton of iron is assumed, it follows that in the three districts
named the quantity of cole used was about 4,500,000 tons, chiefly supplied from the South Durham coal-field. During the last twelve
or fifteen months coke has fluctuated very muech in value, Commencing in Durham to rise from about 8s. per ton in August, 1879, it

advanced before the close of the year to 13s. 6d., and in the early part of 1830 large quantities were sold between the latter figure and
20s. per ton. In the latter months of the year, however, prices hecame easier. ()

a As this veport is going through the press a statement, prepared by the secretary of the British Iron Trade Association, is at hand,
which contains some mterestlng mformatmn concerning the use of coke in ‘bhb blast-furnaces of that country in 1882, from which the
following is extracted:

“There are no reliable sbatistics of the production and eonsumption of coke in the United Kingdom, but the demand for this form of
fuel is known to have very largely increased within the last fow yoears. Thia has chiefly been due to the development of the iron trade,
but the demands for locomotive and export purposes have also beon extended in a material degree. The economies that have been
introduneed in blast-furnaee practice have, however, so considerably reduced the consumption of fnel per ton of iron smelted that the
cffect of the greatly increased production of pig has not been so apparent in this industry as it otherwise wonld have been. The following
figures show what the consumption of coke would be in the manufacture of pig-iron in 1882 compared with 1879, assuming for each year
an average of 23 hundred-weight of coke per ton of pig:

COXSUMPTION OF COKE IN 1879 AND IN 1882 ALLOWING AN AVERAGE OF 23 HUNDRED-WEIGHT OF COKE PER TON OF PIG-IRON
MADE, WITH INCREASE OF CONSUMPTION IN BEACH DISTRICT IN THE LATTER YEAR.

. CONSUMPTION OF COKE. Amount “ . CONSUMPTION OF COKE. Amount
District. of inerensein i District. . of increasein
1879, [ 1842, 1882 i} 1879, 1882, 1882.

: Tons. ‘ Tons. Tons. Tons. Tons. Tona.
Claveland.coaanvinnn i iinees . 2,082,448 3,001,047 1,060,489 | Taneasghire ooouoneiioeiiaoioann. 726,044 300, 150 TOTiH, W6
Weat Cumberland ... ..., .. . 611, 383 1,151, 858 539,975 ! Northamptonshire.................oo. 180, 114 220, 032 30,618
South Wales.......vvvennacnas 770,336 | 1,015 801 245,465 || West and South Yorkshire ........... 261, 626 321,141 69, 515
North Wales -aieueveicenoaanna. 21, 798 56, 020 34, 224 Derbyshire and Notts coceeeeeniianaas 335,178 512, 5956 177,422
South Stafordshive® . ........... 874, 647 458,209 83,562 || Shropskire......... P RePILeIR T R PPI 66, 908 02, 546 22,638
Nortl Staffordshire. ............ vl 24,090 864,684 | 122,754 || Gloucestershire, Wiltshire, ete ....... 46,000 85, 200 9, 200

* LANCOINBRITE  + e e e nee e e mannen 151, 429 231, 705 80, 366 Total v iveernnmeneesnennenns 5, 822, 834 8,472,878 2, 640, 544

*In South Staffordshire probably one-half of the fuel nsed in iron smelting is xaw coal, but s the exact proportions arc nnknown the whole is dealt with as cole.
“These figures show an increase of 2,649,544 fons, or 46 per cent., within four years; but it should be noted thab the average
consumption per ton of pig is likely to have been higher in 1870 than in 1882, becanse of- the extensive introduction of more econowmical
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The following table shows the exports of coke from Great Britain for 1878, 1879, and 1880, and the value of
the same :

1878, 1879, . 1880, 1878. 1878, 1880,
Countries to which exported. Countries to which exported.
Tons, 2, 240 Tons, 2,240 | Tons, 2,240 Tons, 2,240 Tons, 2,240 Tons, 2, 240
pounds,* pounds,t pounda.x pounds.* pounds.t pmﬁda,:
Russia: GEBBCR «vremeccumvmerienanaess] 5,051 17, 600 21, 556

Northern ports..ceceeecaann. 52, 511 48,070 | 56,300 || British India:

Southern ports..... meeraaann C 192 250 714 Continental territories...... 4, 400 7, 620 6, 205
Bweden 18,411 24,140 40, 860 Straits settlements .......... 110 200 4
Norway..... 10, 128 10, 960 16,028 Ceylom..oeomvant..... P . 102 170 229
Denmark 4,902 6,280 6,023 || United States of America on the 4, 851 10, 930 16, 052
Germany 23, 044 32, 050 88, 761 Pacifie.

Holland 2,363 8,230 8, 561 5, 562 11,290 18,750
France 17,180 14, 620 23,038 2,437 3,100 3,418
Portugal, Azores, and Madeira... 8,872 5, 570 8,879 i| Other countries................. 11,114 12,628 17, 507
i I o] I o) I IR

* Value: £201,708, t Value: £231,671. t Valne: £338,250.

COKING IN BELGIUM.,

The coal-fields of Belgium are among the most important of the continent of Europe, and have given to this
little bit of territory an industrial importance and competitive power second only to that of Great Britain. These
fields extend across the country from east to west, but vary greatly as to their accessibility, the coal at one place
cropping out some 600 feet above the level of the sea, while at Mons it is found some 7,000 feet below the level.

The coal-fields are divided into five districts: Mons, Centre, Charleroy, Namur, and Liége. The first three
districts named are included in the province of Hainaut, and statements and reports concerning the coal of this
country frequently speak only of the provinces or distriets of Hainaut, Namur, and Liége. The provincs of
Namur, however, i3 of little importance as a coal-producing distriet, its output being only 3 or 4 per cent. of the
product of the country.

The quality of Belgian coal, thongh, as in most conntries, it varies greatly, is on the whole good, the deepest seams
being the best and thickest. Nearly half the total production is a close-burning coal, and is used prinecipally for

Dlast-heating apparatus, and also because of the mueh larger make of hematite relatively to other qualities of iron in the latter year.

The Aifference, therefore, against 1879 is likely to have heen oven greater than the foregoing figures indicate. The following table shows

the consumption of coke in the manufacture of pig-iron in 1882, both as coke and in the form of coal, Scotland being, of cuurse, excluded,
“in consequence of the general use of raw coal in the blast-furnaces of that country.

CONSUMPTION OF COKE IN THE PRODUCTION OF PIGIRON IN THE UNITED KINGDOM IN 1882, THE AVERAGE BEING TAKEN AT 23
' HUNDRED-WEIGHT PER TON OF THE IRON MADE,

Lqnivalent of

District. Congumption e 1

of eoke. cole 1g 100 per
E cent. of eoal.
(6313 Y O R, 3, 001, 047 6,153,245
West Cumberlang . ....... 1, 15, 358 1, 018, 930
South Wales..runneuenns - 1, 015, 801 1, 693, 001
North Walos. ccevnn...- . 50, 020 93, 366
South Staffordshire -.eevsvvemnssevnannns . 458, 209 763, G8L
North Staffordshire .....oomaeviieenaenns 864, 684 607, 806
Lincolnshire vovevuaon.. - 231,795 386, 325
b 0T T O 000, 150 1, 500, 250
Northawptonshire .......ooreeiiiiimmmmnciensenn 220, 952 868, 220
West and South Yorkshire .... ol 821, 141 535, 285
Derbyshire and Notts ... coociinnvammaraennns ) 512, 505 854, 325
Shropshireaca. e eaersevamean e crreniann 92, 548 164, 243
Gloucestershire, Wiltshiry, eto cooueeneoooiies 55,200 | 92, 000

TDOLAL woveavenemeaanes s oemeesaaneeneeenes] - B4T2,078 | 14,120,627 .

Add eonl consnmed in Scotland, Bay . ... [ U cenen 2, 300, 000
TOEAL G0AL - s e eacemnnraneeeenes monaafeen o eremannaas 16, 420, 627

¢TIt is probable that the average yield of the United Kingdom will be nearer 56 to 57 per cent. of coke per 100 of coal, 60 per cent.
being indeed about the best average result that is obtained in the coke manufacture. It is probable, also, that the average consumption
of coke per ton of pig made will, in the conntry generally, be nearer 25 than 23 hundred-weight,  The foregoing table is therefore subject

to these two modifications.”



62 MANUFACTURE OF COKE.

domestic purposes, and to some extent for gas- and coke.making. The production of true coking coal is small,
only about 27 per cent. of the entire amount raised. Of this only a portion is coked, less than 17 per cent. of the
entire production of coal being made into coke,

The beginning of the manufacture of coke on an extensive scale in Belgium dates from the erection of the first
blast-furnace, in 1826, by John Coclcerill, at Seraing. In 1830 the number of these furnaces had increased to 5, while
there were still 72 charcoal blast-furnacesin existence. Many of these charcoal furnaces were out of blast, however,
and coke furnaces gradually took their place until 1865, when there were 56 of them in blast. Notwithstanding this
increase, the development of the manufacture of pig-iron in Belgium has not kept pace with the manufacture
of coke. The output of iron ores has largely decreased in the last fifteen years, and while their importation has
more than doubled in the same period, the production of pig-iron and other uses have not been sufficiently large
to consume the coke made, and a large proportion of it has gone fo the furnaces of other countries. -In 1881 nearly
one-half the coke made, or 914,885 out of a production of 1,834,669 metric tons, was exported.

While the production of coke in Belgium has thus been of great moment to the industries of contignous countries,
it has not been wholly the amount that has given the manufacture of coke in Belginm so much importance, but
rather the improvements that have been made in coke ovens in that country. Bee-hive ovens were at first used,
but as the demand for coke increased it Decame necessary to adopt better and more economical forms, as well as
ovens adapted to coking coals of an inferior character, and the Belgian or flue ovens are the result. These ovens, if
they did not originate in Belgium, certainly have received the most attention and reached their best development in
this kingdom, and the name Belgian, which has been applied to all flue ovens, is therefore exceedingly appropriate. («)

‘The official statement as to the number of coke ovens in Belgium and the production of coke in 1881 is ag

follows :

v F COKE OVENS, ) fom i
NUMBER OF NS Namberof Cogsucrggtwn Pro%r;ccéon I yane per
Localities, Tn operation Tdle, men employed. | net tons (2 000 | net tons (2,000 | 20t gggdm),ooﬂ
4 . ' pounds). pounds). » 8).
Tirat AIvision, FAIDMLE «oneeeeeeenmenneeeeensaseeemanmn —eamnens 2, 680 826 1,508 1, 972, 261 1, 441, 308 ,
Second Aivision, TiBZe - oo e rcacie i ne e 1,443 608 760 778, 334 580, 257 } $2 80
TOBAL. e e vnee e e e mmomemceme e eones emmen e es eeenasomnamn e an e 4,193 1,484 2,358 2, 750, 605 2,021, 655 | meneemnenrrsns

While all the ovens in use in Belgium are flue ovens, heated from’ the bottom and sides, the variety is

cousiderable, but no statement of the number of each kind is given in the official publications.

Most of the ovens

are horizontal, sometimes with the floor slightly inclined, and are generally placed in single or double lines or

banks, but are occasionally clustered (en ruche),

In some cases the pitch and other products of combustion are

saved. The Appolt or vertical oven is also used to some extent, and for some years has been growing in favor,

notably at Seraing. (b)

There are 57 firms engaged in the manufacture of coke, and the number of each class of ovens built is as follows:

A.—Horizontal, in 1nes or Danks .. .. e oo e it e 4,397
B.—Horizontal (en 1UeRE) -« v evmot e e e it e e e caeen mneees 1BR
L U O S 1,008

................................................................................................ 5, 557

Two hundred and fifty-nine ovens of class A and 48 of class B aré arranged for the saving of the waste products

of combustion.

The following tables give in detail the statistics concerning the production of coke in Belginm in 1881 :

" PROVINCE OF HAINAUT.*

First district. |Second distriot.| Third district. | Fourth distriot.| Fifth district. | Tioyncsof
Number of ovena in opemtmn. e mmecetnae i nane e naans 413 443 1,188 398 238 2, 680
Nuritber of ovens JA1e . ovaunn v ernen i i iii e vmrnur caemea e 77 130 124 228 267 826
01 71 D AP S 490 578 1,312 626 505 3, 506
NUmber of WOUKIIGI: « e nnnnenemseaeraiieatanunensesnasennnnesloocnetonracnaens]eesnemmunecmens|eemcemasoanennnesonen D s 1, 398
Coal consumed, ton8 0f 2,000 PONNAS . ceenniernrnnseacan cnemen cmeann 283, 188 251 272 948, 398 330, 693 158, 783 1,972,279
Production of coke, tons of 2,000 pounds8 .. .ovvoealionneniianaaiaa, 184, 601 175, 477 702, 610 257, 9040 110, 782 1,441,410

* Report of the engineer-in-chief, director of mines of the province of Hainaut,
The average value of the coke was 16.03 francs per 1,000 kilograms, or $2 81 per ton of 4,000 pounds, and the
production exceeded that of 1880 by 722,645 net tons.

a This snbject is digcussed at length in the chapter on “ Belgian Ovens”,
‘ b This statement is based on 2 letter from M, Max Groebel editor of La Semaine Industriclle, Liége, to whom I am mdebted for
many of the facts given coneerning Belgian coke, :
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PROVINCE OF LIEGE.*

2
Seventh 18" imighth district.| Ninth distriet, | Tenth district, | © Fgtince of

Number of ovensin OPeTRtion . ..o ci 246 80 1,028 84 1,443
Number of OVenBIAle .. oo cirmeieariateascam e snancn cemanonntrnne s 132 16 404 56 608
L S P 878 108 1,427 140 2,051
NUmber of Worlilem. . cercnmercnseeirore e irerar st cccanariecnacrsenamsaronnnss 150 44 i 519 47 780
Coal consumed, ton8 of 2,000 POUDAS - o vanvmen i iiat cmrerreee v 174, 981 54,588 | 503, 743 45,029 778, 341
Production of cole, tons of 2,000 POUNAB. ceevenvrn it ciiii i -182, 057 39, 812 | 378, 017 35,177 580, 963

#Report of the engineer-in-chief, director of mines of the provinees of Lidge and Namnr.

The value of the coke was §2 774 per net ton, and the quantity of coke made in 1880 was 20,025 tons less than in 1879, There are no
coke ovens at the mines of the sixth district. .

It should be noted that, in addition to the amount given above, a little ecoke is made in Belgian Luxembourg.
The official statistics, however, give no statement of the amount.

From these tables it appears that 2,750,620 net tons of coal were used in the production of 2,022,373 tons of
coke, a yield of 73.5 per cent.—much in excess of that attained in the bee-hive ovens in the United States or
England. This excess in yield is largely, though not entirely, due to the use of the flue oven. The output per
oven was a little over 490 tons for the year. :

The production of coke in Belgium for the five years, 1876-'80, by provinces, is as follows:

‘Year. Hainant. Liége.
Tons. Tons.

014,415 459, 451

B0, 447 448,169

1, 056, 401 462, 477

1, 004, 930 480, 950

1, 270, 024 560, 938

As has already been stated, a large percentage of the coke produced in Belgium is exported, chiefly to France.

Some little coke is imported. .
The following table, from the report of the Belgian ministry of finance, shows the imports and exports for the

years 1877, 1878, and 1879:

EXPORTS.
Exported to— 1877, 1878, 1879,

' Net tons, Net tons. Net tons.
Prussifi-cocenucrnecoarmunroarmasenns 10,168 feenioeinnont 11
Luxembourg ... 104, 918 153, 388 110, 209
B C 15 1ot PR 1822, 843 362, 021 432, 142
Other sountriss. .........o eemernaeans 3,136 1, 360 2,832

T WS 530, 560 518, 780 554,194
IMPORTS.
Tmported from— 1877, 1878, 1870,
Net lons. Net tons, Net tona.
16,167 13, 706 4,410
4,290 6,733 5, 222
176 90 89
TORAL - veaecevmnn e memnmn e ee 90, 628 19, 618 8,721

The exports of coke have largely increased since 1879, being 937,345 nef tons in 1880 and 1,008,487 tons in 1881,
The apparent anomaly presented by the above tables of the importation into Belgium of coke from Prussia,
and even a small quantity from France, to which Belgium sends so much coke, is explained Dby the location of the
works using it relative to lines of transportation, they being of eagier and cheaper acecess to the French and

Prussian coke manufactories than to the Belgian.



64 MANUFACTURE OF COKE.

- COKING IN FRANOE.

The French coals, even of the coking variety, are, as a rule, not well adapted to the manufacture of coke,
being, as eompared with the BEnglish and the Belgian coals and those of Westphalia, very impure and high in
ash, the amount being such that the fuel would hardly be used at English or American blast-furnaces. By carefully
washing the coal and by proper attention to coking, however, the difficulty is reduced to a minimum. The results
obtained in French iron works with their fuel is most creditable to their management.

There are in France six principal coal-producing districts. (@)

1. The northern coal-field—This district extends over a part of the departments of the Nord and Pas-de-Calais,
from the Belgian frontier up to and beyond the city of Bethune, and more particularly in the environs of Valenciennes
and Douai. The coal-measures comprise a rather large number of seams, generally varying in size from 0.50 to
1 meter.(4) Various kinds of coal are produced, including anthracitic, semi-bituminous, and coals suitable for
malking coke. These coals vary also as regards the percentage of ash; and a like observation applies to the coke
- produced. Two kinds of coke are made in the department of the Nord, viz: the washed eoke, containing from 7
to 8 per cent. of ash, and the nnwashed, containing from 12 to 14 per cent., and sometimes more. This coal-field has
the advantage of possessing a great number of railways and canals in connection with the Seine, Marne, and
Meuse, so that its products are conveyed a considerable distance.

2. The Burgundy coal-field.—This district oceupies a portion of the department of the Sadne and Loire between
Autun and Charolles, its principal collieries being those of Blanzy, Epinac, and Creusot, There are but few seams,
and those of somewhat varied characteristics, the thickness being not unfrequently considerable, while the seams
are worked by means of shafts sunk to a depth of 250 or 300 meters, or more. At Creusot the coal is nearly an
anthracite, but it undergoes a change eastward, where it becomes very flaming, and, to a certain extent, is adapted
to coke, without, however, being really a coking coal. Thesmall coals have to be washed in order to produce coke
with even as little as 12 per cent. ash, The Creusot coal is not suitable for carbonization, except when mixed with
a considerable proportion of coking coal of the Saint-Etienne district. -

3. The central coal-field.—This is situated in the department of the Allier, and the principal collieries are
those near the town of Commentry and the village of Bezenet. A fine seam, with hut little incline and an average
thickness of, say, 14 meters at the former place and a somewhat irregularly formed seam at the latter, is worked.
The coal is flaming and gaseows, and yields a rather light kind of coke, which, when produced from washed coal,
contains from 10 to 12 per cent. of ash. To this main coal district may be attached some small outlying coal-basins, one
of which is the Saint-Eloy basin, in the neighboring department of the Puy-de-Ddme, supplying coal and coke, with
a. good proportion of ash.

4, The Loire coal-field —Next to the coal district of the Nord the Loire distriet is the most important, more
especially in the vicinity of Saint-Etienne and Rive-de-Gier. It comprises a number of seams of no inconsiderable
extent, the total accumulated thickness of which is ealculated at from 50 to 70 meters, the whole depth of the coal-
measures being about 1,800 meters. The proportion of ash in the coke obtained from the small washed coal is
generally from 12 to 13 per cent.

5. The Aveyron coal-field —This district is situated in the department of the same name, and the chief collieries
are those of Decazeville and Aubin. The seams are nearly horizontal, and are of but little depth. The coal here has
to be carefully washed in order to obtain such a kind of coke as would be suitable for use in blast-furnaces. This
colze, whick is not very dense, generally contains from 10 to 12 per cent. ash.

6. The Alais coal-field—This ranks as the third important coal district in France, and is situated in the
department of the Gard., The seams differ in thickness (from 0.30 to 2 meters), and yield sundry kinds of coal,
varying from the anthracite to the flaming sort, including the intermediate coking and bituminous qualities
suitable for coke. Coke of good quality and with but little sulphur is made from the washed small coals, with from
10 to 14 per cent. ash in the kinds suitable for blast-furnaces.’

As regards the center of France, mention may be made of the Brassac basin in the Haute-Loire (which sends
its coking coal as far as Crensot), and the Ahun basin, department of the Oreuse, also ploducmg coking coal and
supplying two or three smelting works in the neighborhood.

In the east the Ronchamp coal formation, situate on the southern slope of the Vosges, department of the Haute-
Saone, furnishes a certain quantity of fuel to the Franche-Comté iron works.

In the southwest the Carmaux basin (department of the Tarn) supplies coke to some iron works, particularly .
those near the Pyrenees, and the Graissesac basin (Heranlt) produces also coal fit for coke.

Generally speaking, coke is no longer manufactured in France except in the Belgian ovens, chiefly of the Smet,
Coppée, or Appolt systems. The Smet and the Coppée ovens are principally used in the Anzin, Commentry, Saint-
Etienne, Aveyron, and Grand-Combe collieries; the Appolt at Blanzy, Creusot, Bezenet, Portes, and other places.
A number of ovens on the Carves system, for utilizing the waste products, are in use with good results, especially

« Condensed from apaper by Professor 8, Jordan, of Paris, read before the British Iron and Steel Institute, a6 its Paris meeting, 1878, .
b The meter is 39,870 inches.
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at Saint-Etienne and Terrenoire. Alnost all the small coal used is washed, as with few exceptions French coal
would not be otherwise pure enough to prodnce a sufficiently clean coke for manunfacturing purposes.

It is very diffienlt to arrive at the yield of the French coal in coke. In the Saint-Yitienne coal-field at one point

there are 122 Belgian ovens, using crushed and washed coal, 175 tons of coke being made per day. The charge is

_ from 4 to 4% tons, and it is burned 48 hours, yielding about 3 tons, or 72 per cent. The average ash in the coal is

134 per cent., but by double washing it is reduced to from 43 to 8 per cent. At Saint-Titienne 80,000 tons of coal are

burued per year, producing as follows:

, Tons.
TUATEO COKO ooe vee ot e et it it s aa er e ieeea e e saa s meea e eaee heemeeaen vaone e d . 52(,)1:)508
SINALL COKO - ot e et e et e e e e et it e ae et aaceme e eaae aaane s 3,500
16 362 )+ 0 30
55, 538

or 69.4 per cent. of coke, beside 2,400 tons of tar and 300 tons of ammonia product. The best information is to the
effect that the average yield of coal in coke in France is 70 per cent. '

The price of cole in 1878 varied from 20 to 27 francs ($3 86 to #5 21) per ton at the ovens, according to the
purity of the article and the sitnation of the coal-fields.

In addition to the fuel from French collieries, the French metallurgical works import coal and coke from foreign
countries, as, for example, from England (the cargoes being discharged at the channel and ocean ports), as well as
from Belgium, and, via the Belgian frontiers, Westphalia. It would even be possible to quote an establishment
in the southwest of France which receives its coke, via Rotterdam and Bordeaus, from the Buhr carboniferous
district (Essen, in Westphalia).

Considerable coke is brought into I'rance from other countries, and some small amounts are exported, the
imports and exports for 1881 by countries, and for 1879 and 1880 by totals, being as follows:

Countries. Imports. Exports.
Tons.* Tons.

Bl oo e 002, TTL orenrrecaannuns
GOIMADY. ceervrrneacreeammainnerans 190,487 |oeeeirinmianen!
Switzerland............ eeereeneanes L iereeeene 7, 278 ;
THRIFeem e eere el I 7, 665
Other countries.eamcemaceeenieanrvas 17,796 9,754

Total 1881, .o vevmmcmeicieeiannns 1,111, 054 24, 614

Total 1880.ceneceeennecrerenen, 043, 416 40, 8056

Total 1879, . canvumeanavranraennss 760, 520 20, 589

*This ton is probably the metric tow of 2,205 pounds.

The official publications of the French government contain no returns of the annual production of coke,
Pechar estimates it at 1,400,000 metric tons (1,543,234 tons of 2,000 peunds), requiring about 2,000,000 metric tons
(2,204,620 tons of 2,000 pounds) of coal, This would indicate the same yield as is stated above, 70 per cent. Adding
~ to this the imports and subtracting the exports, it would leave for consumption in France, in 1880, 2,502,611 metric

tons, or 2,538,081 tons of 2,000 pounds.
COKING IN GERMANY.

The introductien of the steam-engine into the mines and iron works of Germany in 1784 gave, as it did in
other countries, a strong impetus to the development of its coal and iron industries, as also to the production of
coke. The first coke blast-furnace was erected at Gleiwitz, in Upper Silesia, in 1796, This was followed by the
introduction of coke-furnaces in Konigshiitte in 1802, in Hoh enlohhutte, which was the first private works, in 1805,
and in the district of the Saar in 1848,

The chief coke-producing region of Germany, as well as the source of nearly half its coal, is Westphalia,
The coal-basin of this district, which is also called, after the river which runs through its southern part, the basin
of the Ruhr, is about 70 kilometers in length and 20 kilometers in breadth (say 43.5 miles in length and 12.43 miles
in breadth). In this space of about 650 sgnare miles are raised more than 20,000,000 tons of coal annually—5&5 per
cent. of all produced in Prussia, and about 49 per cent. of all produced in the German empire. (¢) There have
been developed 74 workable seams of over 20 inches each, the total thickness of coal being 70 meters, or 229 feet.
The coking coal belongs to the third group of seams, and includes 23 seawms. Nearly all the collieries possess

apparatus for separating and washing {heir coals.

@ The meeting of the British Iron and Steel Institute at Ditsseldorf in 1880 was the occasion of the presentation of a series of papers
on tho conl and iron industries of Germany. If is from Dr. Gustay Natorp’s paper on the “Coal Industry of the Lower Riine and
Westphalia” that most of the facts in this chapter are derived.

00, VOL. 1IXx—35




66 MANUFACTURE OF COKE.

The percentage of ash, which varies in the coal between 10 and 15 per cent., is reduced by preparation to anm
average of from 4 to 5 per cent., even in the least clean descriptions, such as nuts and dusfu coal. . .

While the Jarger descriptions of the prepared product are used for domestic fuel and boiler and other industriat
purposes, the dust coal, as well as the greater part of the smallest class of nuts, which are crushed for the purll.)ose
in disintegrators and mixed with the dust coal, are used for the fabrieation of coke, and when manufactured from
this mixture contains on an average from 6 to 7 per cent. of ash.

Tor the manufacture of ecoke out of Westphalian coal there existed early in 1880 about 2,400 coke ovens at the
collieries, 1,700 at the iron works, 1,200 in private hands; in all, 5,300. This number, illcreasegl in 1880 about 50.0.
By far the greater number of these ovens is constructed on the so-called Coppée system, which has, however, in
late years undergone some improvements in the brick-work and in the volume of the oven. There 51.1'0,0111y 500
coke ovens on an entirely different system, approaching the English bee-hive in shape. While.the Coppéo ovens,
and especially those of improved construction, coke from 6 to 7 tons of coal in 48 hours, with a production of 70
per cent., the bee-hive ovens hold only 5 tons of coal, require 72 hours to coke the same, and produce from 54 to G0
per cent. of coke, . :

Although itis the opinion of some iron engineers that the coke produced in the bee-hive ovens is superior in many respeets to that of
the Coppée ovens, the former have, nevertheless, not been generally adopted, sinee a coke can be far more cheaply produced in the Coppée
ovens, which answer all the requirements, not alone of our own native iron industry, but that of Belgium, Luxembourg, and France. (a)

The approximate number of ovens, quantity of Westphalian coal used for coking, and of the coke manufactured,

is shown by the following table:

Coking works, g}f;:%%‘énﬁ Coalmsed, |Coko produced.
Tons. Tons.
1. CONIeTiOn .oueerruenrnveencs ceeees 2, 400 1, 530, 000 1, 029, 000
2, TTOD WOTKS v cenmennnrmnnnenacnns © 1,700 1, 057, 500 750, 000
3. Private works..evoveeeminnnnnan.., 1,200 " 765, 000 510, 000
BT ) SO 5, 300 3, 352, 500 2, 280, 000
Per year andoven .o.oo.oviiiniiliieciiiiie i, 633 430

- Through the kindness of Dr. Hermann Wedding I am enabled to give the following statement regarding the
production of coke in Prussia. These statistics are not gathered officially, either as to the amount produced or ag
to the number of coke ovens, but the following figures, derived from sources not efficial, may be considéred vory

nearly correct: Tons,

District of Upper Silesia. ... oo ioeeeo . R ceae 434, 199
District of Lower Silesia..... .... reemeesanans 127, 696
District of Lower Westphalia (Rulr district) .... .. U U 2,280, 000
Distriet of the Baar- ... .ooe it i e e e e 510,108
Distriet of Aix-la-Chapelle ...... A e e e rmema e r e ceeeamna e amaa e eeaaeaaan rmceve e 13, 268
District of Oberkirehen ... ... .o it e e 32, 096

Ty SR e e e e 3,397, 253

In Upper Silesia the coal is somewhat inferior in character, and as a rule does not coke. However, some
coking coal exists at Zabize, and from the slack from the mines at this place some coke is made in bee-hive and
Belgian ovens. From the non-coking or poor-coking coals of the eastern district of Konigshiitte, ote., coke, as o
rule, is produced either in heaps or in open kilns. Large bee-hive ovens or closed kilns ave used to a still less
extent, and recently some Belgian ovens have been introduced, the coke made being for furnace use. The number
of ovens or heaps is not known, o

Lower Silesia contains some good coking coal, which is coked in Belgian ovens, generally on the Coppée
system, and is mostly for foundery purposes. A statement regarding the coking coals of Rhenish Westphalia is
given above. ' v : ' o ‘

In the Saar district there are some good deposits of coking coal, but the coke made is not ds good as that of
. Westphalia, Belgian as well as some Appolt ovens are used, as in Silesia.

In Aix-la-Chappelle the deposits of coking coal are extensive. There are 257 Belgian ovens in use, with some
- ovens on the system Liirmann for poor coal. The cokes made in this district are for blast-furnace purposes.

In Oberkirchen, where the coal is very pitchy, light, porous coke is made in open kilng, and is used mostly .
for lead and copper smelting. ‘ ‘

The designation of ovens in Grermany is so peculiar as to demand a word of explanation. The terms used are
open ovens, closed ovens, narrow ovens; and Appolt. The open oven is what we have termed the open kiln, the
closed oven either the bee-hive or its modification, the rectangular oven, without flues, the narrow oven the
horizontal Belgian oven, and the Appolt oven the vertical Belgian.

’

a See Dr. Natorp’s paper.
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Nearly all iron works in the neighborhood of coal-mines have their own coke ovens and use the escaping gas
to heat the boilers, but the greater part of the iron works situated at some distance from the mines purchase
cole, while some is brought from Belgium.

The total output of the coke works of Germany in 1878 is given in the Oolliery Guardian at 5,4:03,392 tons,
Prices have fluctnated considerably recently. At the beginning of 1879 furnace coke was quoted at 22s. a ton,
a decline, as compared with 1878, of 16 per cent. In May, 1879, Silesian and Westphalian coke were quoted at
Berlin at from 19s. to 20s, per ton. As showing the cost of freight, these same cokes were quoted at the ovens
at from 7s. Gd. to 8s. 6d. In January, 1880, coke at Dortmund was quoted at 26s.; in February, at the same place,
28s.; in April, at the pit, £1 8s. 3d., and in May, 1880, Westphalian coke at Hamburg was 50s. About this time
speculation lost its power, and coke sold at the close of 1880 at from 9s. to 10s. per ton at the pits.

COKING IN AUSTRIA-HUNGARY.

Though some portions of Austria-Hungary are among the oldest iron-producing districts of the world, the
small supply of coal of a eoking character, and its distance from the best deposits of iron ore, have seriously
interfered with the development of its iron resources, and consequently with the use of coke. The distribution of
these two minerals is also such that the best ores and the good coking coal are not together. In the Austrian
alpine countries, Styria and Carinthia, which are very rich in excellent iron ores, charcoal is at present almost
the exclusive fuel used for making pig-iron. This section has no coking coal, and the long distances and high railway
tariffs admit only of alimited use of coké from other sections and countries. In Bohemia, Moravia, and Silesia there
are large deposits of good coking coal, but the ores are inferior to those of Styria and Carinthia. It was not until
1838 that pig-iron was made with coke in this distriet, the first blast-furnace, which was also the first in Austria,
having been erected at Witkowitz in this year; hut since the year 1870 its use has become more general, and ab
present one-half of the production of pig-iron is with coke. ’ '

Tt is in these provinces of Austria that nearly all the coke made in Austria-Hungary is produced, the chier.
centers of production being Kladno and Pilsen in Bohemia and Ostran-Karwin in Silesia. The coke from the latter
distriet is an excellent furnace fuel. That from Kladno is used at the works of the Prague Iron Company, the
mwost extensive coke blast-furnaces in the empire. The average yield of the coal of the Ostrau-Karwin district in
coke is estimated at from 55 to 61 per cent, Abont 8 per cent. of the output of the district is coked. At present
the production is limited by the high cost of transportation to the iron works. '

The manufacture of pig-iron in Hungary has advanced much in the course of the last few years, but a scarcity .
of suitable coking coal also prevails here. Of the 68 Dblast-furnaces of Hungary hut one uses coke entirely,
and one other part charcoal and part coke. Ounly small quantities of Banatian coal are made into coke, but this
is excellent, and the yield is the highest in the empire, For the other operations of iron and steel making most

- of the fuel used iz brown coal or lignite, of which Austria-Hungary possesses rich deposits of a most excellent
character, There are, however, some deposits of coal of a coking quality well adapted for use in furnaces, and,
though inconveniently sitwated in respect to the ore deposits, those metallurgists who know the country best are
sanguine as to its availability i the near future. While some guite successful experiments have been made in
producing coke from lignite, the amount made is quite small.

The statistics of coke-making in this empire are very meager. The following quantities of coal were, according

to Pechar, used for coke in the year 1876:

Metric tons,
In the Ostraw district............... A 126, 419
I the KIadno distriet. co ooy eeen amae oo maas smamic cemmise e mmeswman e s oo tuasn eaes fmmaen e cann 71,973
T11 51 PLlSET (IBETIOE . - v e v e oot meem s me samcasn smmcas semmmaeaaneas ansmmn mmnn caus Sere s amasana e 43,281
Tn the Schatzlar-Sehwndonitz QISEEIC ... v vovecr coee semcer et ceencmeeseemms wmaasomanamnssacnaeamcamssaaian 7,340
Tn $he RoS8ItE QIBEITCE .« v vy e e o e aeae wommms caaime cmcmem moe e e s secema maae e aeisaasaaennes o anan 7,129
T FUDEATY - e eeeenmnne cmmmnevnnens R R R 2,974

Assuming the yield to be 58 per cent., this would make a total production of about 150,287 metric tons.

From another source the following statement of the make of coke in Austria in 1878 is given:
1 . Metric centners.
BOMIMIN, -« o oo e vanman sias nmmme cmmae cmmmsaimasn e aasasean mwmsuenseennoo aaasasan e meaicaeame e anaaan 1,192, 566

DMOTAVII 1s o cov eecnmn saee maemnm s oo mms smm s ame o e ewas TAmame e s maaamearssioessorsesasesaseeos 574, 026
SHLBEIRL -« o o es vamoes e oee veeen eemns cmaemaawe eeie cmenan cmon mms s smmeas amaasanea case nne seen mmnnnnen 1, 078, 445
TLOBAL - o e oo ee cmes eeea mms nees o aEan e s mane amaaeue tmmmme s eleaeiearumecoe eews seoassassa 2,843,037

or 175,503 net tons, a result that does not differ much from the production estimated above. A portion of this,
some 13,400 metric centners, was exported in 1878 to Prussia and Russia.

The same causes that result-in a high price of coke and fluctuations in the price in other countries rule in
Auitria, though the high price is more largely due to the ‘heavy cost of railway carriage. In 1879 coke cost,
delivered at Loeben, 17 florins 40 kreutzers, or, at 48 cents the florin, $8 48 per ton, and at Bordenberg 16 florins,

or $7 08.
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COKING IN OTHER BUROPEAN COUNTRIES.

But little coke iz manafactured in continental Tlurope outside of the countries already named, viz, Belgium,
Trance, Germany, and Austria-Hungary. In the other states the coal is either non-coking or is so situated with
reference to transportation, ores, and centers of demand that it is more economical to use other fuel. In Norway
no coal is mined; in Sweden the only ecoal worked is in the Lias, and is non-coking. There are a few coke
ovens, less than ten, at Stockholm, which make coke from English coal and its slack, for use in small passenger
river steamers. As no coke is used in the Swedish blast-furnaces, the demand is very small, and, with the
exception noted, is supplied from England. Denmark proper has no coal-beds. There are two small mines in
the island of Bomholm, a dependency of Denmark, but the whole output is used on the island, chiefly in the
manufacture of brick. Lignite is also found in Iceland but no coke is made from it. Russia has very extensive
deposits of coal, some of which is well adapted to coking, but the immense forests of this empire furnish such
boundless supplies of charcoal that most of the iron is smelted with this fuel. The means of transportation are
also so inadequate and expensive that it is cheaper to purchase iron abroad, and as a result, the demand for coke
is light, and but little is made. The Domnetz coal, which is coked to some extent, yields from 51.75 to 81.99 per
cent. in coke. In Holland coal is found only in the province of Limburg; but the output is insignificant, and no
coke is produced. Coal is found in many places in Turkey and Greece, but very little of it is mined and no coke is
made, though some of it is of a coking character, and many deposits of iron ore exist. The coal deposits of Italy
are mostly lignite, and of Switzerland anthracite and lignite, little or no coking coal being found. In Portugal
there are but two coal-fields worth mentioning, and no coke is made,

But little is known of the production of minerals in Spain, with the exception of iron ore, and that little not
of recent date. The Spanish coal-basins are of considerable importance, furnishing some coal adapted to coking,
and, on the whole, are well situated with respect to outlet, the deposits of iron ore being among the most extensive,
richest, and purest in the world. Notwithstanding these natural advantages, however, Spain imports fully half
the coal she uses, and exports nearly all the iron ore, instead of working it into the various forms of cast and
manufactured iron. Some pig-iron is made in Spain with coke, chiefly imported, however, but the fuel generally
nsed is charcoal. Probably the main obstacle in the way of the development of its coal, and, consequently, of its
cole indunstries, is the lack of transportation in the interior of the country. In 1872, in the province of Cordova,
5,717 metric tons of coke were produced ; in 1871,4,707 metric tons; and in 1870, 2,589 metric tons; but as the estimated

“annual consumption of coal in the iron and metal industries of Spain is 500,000 metric tons, this is probably below
the actual make.

At the close of 1882 there were in Spain five coke works. At one of these, that of Sociedad Andnima, at
Mieres Asturias, three methods of coking were used. .

First: A Lank (macizo) of 40 furnaces, Smet system (Belgian), with a capacity of 3,000 kilograms cach of
washed coal. The burning lasts 40 hours, and a yield of G0 per cent, is obtained.

Second: A bank of 30 ovens, similar to the Coppée, but modified by the soc1ety Each oven holds 3,000
kilograms of coal, and yields 63 per cent. in 30 hours.

Third: Beblde this, some 7,000 or-8,000 tons of coke are produced annually in heaps in the open air with the
same class of coals, but in this system the yield does not exceed 48 per cent,.
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Parr IV.—COAL, COAL-WASHING, ETC.

COKING AND NON-COKING COALS.

Oertain kinds of hituminous coal when heated to a temperature varying somewhat with their character swell,
pecome pqsty and sticky, and throw off bubbles or jets of gas, which burn with a bright flame as they escape
into the air. When lumps or particles of these varieties of coal are thus heated to the pasty condition they
lose all traces of their original form, appearance, and structure, and unite into a eoherent mass, or, in technical
language, are said to ¢ coke” or ¥ cake”, and the coal which thus cokes or cakes is termed a “coking” or *caking?
’coul. (at) ‘ On the other hand, a non-coking coal (b) is one that, under similar treatment, either coheres feebly or not at
afll,. the forms of the original particles or lumps being clearly distinguishable. Thesolid product or the carbonaceons

resulu_a of the Lurning or heating of both the coking and non-coking coals is termed ‘¢ coke ”, though in the arts this
wordl is generally applied only to that coke which is made from true coking coal, or from admixtures of non-coking
coal In proper proportions with coking coal or piteh, by which a firm coherent coke can be produced.
. ]qu:r:iS ‘{113])01:1:&;11'. t? distingu.ish clearly between \_vha«b may be tgrmed ¢ipdustrial coke? and crue'fble” or
g atory coke”. The latter is the coke produced in a small way in the laboratory of the analyst, and includes
not only the carbonaceons residne obtained in the analysis of coal, but that from pitehy and other earbonaceous
substances ag wells ¢ Industrial coke ? includes only the firm coherent cokes made from coal on a large scale for use
in the,manufacturing or industrial arts. The percentage of carbon and other elements in “industrial coke” and
“Iaboratory coke” from the same coal will differ very materially, owing to the difference in the methods of
manufacture and the greater care exercised in the production of the latter. It is important, therefore, in making
comparisons of the analyses of different cokes and the yield of coal in coke, to know that the cokes were made in a
similar manner, industrial coke being compared with industrial coke an d laboratory coke with laboratory coke. Any
eomparisons of the analyses of industrial with those of laboratory cokes will be misleading unless due consideration
ts given to the fact that they are not made in the same way, and unless the necessary deductions are made. Much
costly disappointment has arisen from-a failure to make this distinetion.

Industrial coke can be broadly divided into two classes: “gven coke,” or that made in ovens, pits, or mounds,
and which is a direct product, the manufacture of coke directly being the object of the carbonization of coal; and
¢« gas coke”, or the solid carbonaceous residue of the process of manufacturing gas. In this report I deal chiefly
with that termed ¢ oven coke”?, and unless otherwise specially noted the word coke will be synonymous with ¢ oven
coke”.

Ooke is not the result of simple fusion, the temperature necessary to produce it being above that at which
the coal suffers decomposition. In the process the volatile bodies are driven off and a portion of the non-volatile
compounds are decomposed, their carbon becoming to a great extent fixed, their hydrogen and oxygen being
dispersed. The earthy and non-volatile substances of coal and those not decomposed by heat are nearly all found
in coke, :

The coking power of different coals differs greatly, and the quality of the coke made under different conditions
and in different ovens from the same coal will show marked differences of character as well as of economic efficiency.
A coal that in its natural state will make a very poor coke will, when crushed and washed, sometimes give very
good results, (¢) Some coals that are practically uon-coking when treated in the usual way, will, whgu mpic}ly
exposed to & high temperature, give a fairly solid, hard coke. (d) It is therefore evident that something bes-lde
analysis or o trial in a single aven is necessary to determine whether or not a given coal is adapted to th.e. making
of coke. Analysis will give some indication of this fact, and the character of the laboratory colfc; obcmufad f.rom
tho coal still farther indications; but the most satisfactory evidence of the value of a coal for making co'ke is given
- by a practical trial in ovens or pits, and even then, in case of failure, it is noF fully settled b}li’; that in different
ovens, under different conditions of preparation and coking, different results might not be ol?ta1nefl. ‘ _

These uncertain relations betieen coal and the character of its coke have led to many investigations, having

for their object the determination of the element or elements upon which its coking properties depex.l(l. In a
a coal approaches the vegetable on the one hand and the anthracite on the
other it loses its coking qualities; but so far investigation has failed to shossf which is th'e element or fslement«s the
presence or absence of whichin & greater or less degree (letermine its value in coke.-mak.mg,- or has failed to sl%oxft,}
if it is not so determined, upon what the coking power of a coal depgnds. It certainly is not tl{e carpon, nor is 1
the amount of volatile matter, for the non-coking coals contain these in the large.st amount, With this gncertamty
as to what is the element on which coking depends, analysis would of course fail to show the value of a coal for

& The terms “ eaking ? and ¢ calke 7 gro used much less freqnently in t]xi.s c?untry thmls in I:]ur?,pe.
b ¢ Free-burning? and “ pon-coking” are synonymous terms, as are “Jinding” and ‘coking”.

¢ Seo Second Geological Survey of Penusylvania, Report KKK, page 200.

@ See Percy’s Metallurgy : TFuel, page 309.

general way, it can be said that as
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the manufacture of coke. Indeed, Professor Stein, of the polytechnie sehool of Dresden, has shown that coals
having the same ultimate analysis may in the one case be coking and in another non-coking.(a) The same has .
been noticed of American coals, Mr. J. J. Stevenson, of the geological survey of Pennsylvania, notes that the
coal of the Conemaugh is apparently the same as that obtained on the Youghiogheny. The coke of the latter is
compact, silvery, and retains its luster for an indefinite period, whereas that from the Conemaugh is comparatively
tender, dull-looking, and on exposure soon loses its little luster.(d) Mr. John I'nlton, mining engineer of the
Cambria Iron Company, gives the opinion that “ordinary analyses fail to indicate the essential qualities of a good
coking coal”. It has sometimes been claimed that it is the amount of hydrogen and oxygen, or the relation of the
amount of oxygen to the carbon, that determines the coking qualities of coal; but both Percy and Fulton refuse '
to accept this, and suggest that the coking properties of a coal depend, not on the elements or their proportion,
but rather on the presence of different kinds of bitumen, or, in other words, on the manner in which the elements
other than the ash are combined ; that is, on the proximate, not the ultimate, analysis. Considering the difficalty
of reaching the true proximate analysis, it will still hold true that the only sure way of determining the adapfablhty
of a coal to the manufacture of industrial coke is to try it and study the result.

It also appears that, in addition to this uncertainty as to the coking value of coals, judged by their analysis,
there are other conditions that materially affect this property. For example, some coals speedily lose their power
of coking after leaving the pit: in some cases after the expiration of one or two days; in others, after having been
exposed to the weather for some weeks or-months. In other cases, coals from pits in which fire-damp occurs
lose their coking powers on exposure to & certain temperature (300° C.). It has also been noted that while the
presence of a large amount of inorganic matter, or what would be the ash, in the coke diminishes, and beyond
certain limits destroys, its coking qualities, yet examples are not wanting in which a coke with as much as 21
or 22 per cent. of ash has retained its coking property.

The following analyses, in addition to those found in other parts of this report, will show the composition of
the coking coals of Great Britain and the continent of Europe that are used in the manufacture of mdustrml coke,
When not otherwise stated, the yield and composition of the coke given is of laboratory coke :

BRITISH COKING COALS.* L.
. COMPOBITION, EXCLUBIVE OF
o COMPOSITION, EXCLUBIVE OF WATER ONLY.f NITROGEN, BULPHMUR, ASH,
2 TLoealitics. Eg;g}f; Water. | Coko. AND WATER.
g Carbon. Hgyeg][: 0- | Oxygen. [ 1tr(g)gen. Sulphur.; Ash. Carbom. Hégl;:‘)‘ Oxygen.
Per cent. | Per cent. | Per cent. | Per oent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent,
1 78, 65 4,65 18.66 [-cveven.. 0, 55 2,49 [.oaelnans cacammanan 80. 67 4.76 § 14, 57
2 82.42 4.82 b S A 0.86 0.79 83.00 4.85| §12.06
3 8141 5.83 7.90 | 2.056 0.74 2,07 85, 58 6,12 8.30
4 78,60 6.00 10, 07 2,87 161 1,38 83.05 6.83 10. 62
5 | Nottinghaxghire ........ 77,40 4.96 7.77 1,55 0. 92 3,90 85. 88 5.50 8. 62
6 } Blaing, South Wales ..... . 82, 56 5.36 8,22 1,66 0.75 1.468 ... 85. 88 5,67 8.53
T vaenns i [ SR, meereaan 83.44 5.71 5.93 1.60 0.81 2.45 |... 87.77 6. 00 C6.23
8| ...... do oo 88, 00 6.18 4.58 1.49 0.76 4,00 foenenainns 88.53 I 6.59 4. 88
*Porey's Metallurgy : Fuel, pages 322 and 823, { The nitrogen, when not gquantitatively determined, is incladed in the number indicating oxygen,
t The water is inclnded in the cage of No. 5. § Inclades nitrogen and sulphur,
COKING CCOATS OF THE CONTINENT OF EUROPE.
‘COMEOSITION, RXOLUSIVE OF WATER. s‘?ﬁg&%’f}‘ﬂf’i‘ﬁﬁ@ﬁgﬁ
g : Specifie -
2 Localities, D oeit - ) Water. | Coke. Oxyeen
. E _ gravy Carbon, Iisgr‘o- Oxygen. gég‘}' Sulphur.| Ash. Carbon. Hg g&"‘ uité?;len.
Per oent, | Per cend, |Per cent. |Per cent. \Per cent. | Per cent.| Per cont.| Per cent. | Per cent. | Per oont.| Per cont,
9 Epinuc ...... feummecincctacaenmaanan 1.353 81.12 5,10 1025 | conieicamaeaians 2. 58 63, 60 83,22 5,23 11.55
10.1 Alais, department du Gard.......... 1,322 89,27 4. 85 L 3 A D 1414, 78,00 90. 55 4.92 4, 563
11 | Rive-de-Gier..cccreiiesiarmancirannas 1.208 87.45 5.14 3.93 170} eeenaean. 1.78 03, 00 89. 04 5,23 5,73
12 ... T 1.288 82.04 5,27 [ 2 ] 8,67 |. 72.00 85. 08 5.40 0,46
18 | Céral, department de l‘Avcyron..- - 1.204 75,88 4.74 9,02 . 10.86 |... 58, 40 84. 56 5,32 10,12
SAINt-GiroNS < ceeevenans —orunne ... 72,04 | - b5.48 17.53 {.- 4.08 |. . 44.80 76. 05 '5, 60 18.26
85.10 ' 5.49 7.25 ... 2,16 |.. 72.90 86.98 5.61 7.41
80. 55 5.53 9.52 4. 40 69,13 84. 20 5,78 2 o6
86,38 4.48 6. 09 3.05 80.58 | 80,10 4.02 G 28
86,47 4.68 5.801... 8.53 B 84.43 89,65 4.85 5, 50
B4.84 5,53 6. 83 2,80 {.iiennnnan 87.75 87.28 5, 69 I 7.03
86. 78 4,08 B, 84 2.40 |oeavnennns © 7105 88,91 510 5.99
86, 03 4.35 0. 47 0. 89 1.20 78. 85 88,72 4.06 6. 62
86.95 4,13 8.170 2.85 1.14 83.14 88.85 4,23 G.92
80. 67 4,38 8.30 |. 5.82 1.04 82,82 88.80 4.80 6.90
60, 50 4.12 9.85 ... 11,41 1.57 77.81 83.76 4,97 11.27
79,63 4. 46 4.08 10, 83 L08 81.56 89. 60 508 5.28

* Except when the sulphur is not separately stated. T The nitrogen, when not quantitatively determined, is included in the number indicating oxygen.

& See Percy’s Metallurgy : Fuel (London, 1875), page308. & Report KKK, pages 190 and 200, Second Geological Survey of Pennsylvania,
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As has already been indicated, neither the composition of a coal nor the analysis of the coke made from it in
the laboratory is an unfailing evidence of its value as a coking coal or of the character of coke it will make. The
quality and some of the properties of coke depend, not only upon the composition and character of the coal from
which it is made, but also upon the manner in which the coking process is conducted, upon the oven used, and in
some cases upon the previous preparation of the coal. In view of this, it is especially true that the only way to
Jjudge properly as to the value of a coking coal is first to study the character of the coal to be coked and endeavor
to adopt the plan best suited to its character, and then try the plan and study the cole,

It should also be borne in mind that the yield of coke, as shown by analysis in the laboratory, is generally in
excess of the actual yield in the oven. The laboratory coke made from Connellsville coal in one of the analyses
given is (8.633 per cent., but the actual yield in the bee-hive ovens in the Connellsville region, as shown by the
reports to the special agent, is from 62 to 67 per cent., averaging about 64 per cent. Some samples of the Miller
coal at Bennington, Pennsylvania, yield theoretically, or in the laboratory, 77.25 per cent., but the actual yield,
when coked in open pits, was 59.10 per cent. This discrepancy between the theoretical and the actual yield is due
largely to o partial consumption of the earbon of the coalin the process of coking. Torexample, in coke made from
Connellsville coal,in which the amount of carbonin the coal used was 59.62 per cent., which amount should have been
found in the coke 1f none had been burned, the actual carbon was but 54.25 per cent , the ash and the sulphur being
the same in both the laboratory and the industrial coke ; ; in other words, but-91 per cent. of carbon was found in
the coke. In the Miller coal at Bennington, above referred to, the carbon found by analysis was 68.50 per cent.,
whereas the actual amount found in the coke was only 50.35 per cent., or but 78% per cent. of the amount of carbon
actually in the coal. It would therefore follow that by those methods of coking in which the air is the more
perfectly excluded from the oven less of the carbon of the coal would be consumed in the proeess of coking, and
consequently the yield of the coal in coke would be greater. This is borne out in actual experience. As, for
example, the Miller coal above referred to, when coked in open pits, yielded 50.33 in a possible 68.50 per cent. of
fixed carbon, or 73.5 per cent,, whereas the same coal coked in a Belgian oven yielded 61.25 in a possible 68.50 per
cent. of fixed carbon, or 89.4 per cent. of the amount of carbon in the coal, showing a loss of but 10.6 per cent. of

-the fixed carbon when coked in the Belgian oven, as compared with 26.5 per cent. when coked in open pits,
These facts show again the necessity of not depending fully on analyses, and also the 1mporta,nce of havmg careful
practical trials made before deciding on the manufacture of coke.

PROPERTIES AND COMPOSITION OF COKE.

~ Industrial cokes differ greatly in their external appearance, their physical character, and their chemieal
constitution. In external appearance coke may be light gray and bright, or, as it is generally termed, * silvery” or
of “metallic luster”, or it may be dull and black. Occasionally it is iridescent. Itis generally rough surfaced, but
sometimes, especially that portion of a charge near the walls of the oven, it is smooth and glassy, having the
appearance of polished graphite. Sometimes also hair-like threads are observed on masses of ordinary coke.

In its physical structure it may be porous and light, or compact, dense, and heavy ; hard and capable of sustaining
a high crushing and compressive strain or load, or soft and brittle, with a low crushing point and compressive
strength. TIts “ring” or sound, when struck, is in some samples almost metallic, and in others dull and he‘wy Its
degree of combustibility, as Well as its ease of ignition, also varies.

The terms * dense” and “hard” as applied to coke have a special meaning that should be carefully noted.
All coke is more or less cellular in its structure. The less the cell space the denser the coke; the greater the cell
space the more porous; that is, ¢ dense” and * porous” are opposite conditions. Hard is a term properly applied
to the cell walls of the coke, and not to the cell space, and coke is hard or soft as the cell walls are hard or soft.
Coke may, therefore, be very dense and not hard; that is, its cell space may be small and the walls of the cells
wealt, or it may be porous and hard, or its cell space may be large and the walls hard and strong. Physically,
the typical coke for blast-furnace use should be bright silvery, hard and porous, with a metallic ring, and some of
these conditions of physical structure are of more importance in determining its value than has been generally
apprehended, and are deserving of more careful consideration than has usually been given them. It isno doubt
important that the amount of certain of the chemical constituents of coke shoull be as high, and of others as
low, as possible; but it is equally true that for certain purposes, for iron-smelting for example, unless certain
physical conditions exist, the coke is comparatively useless. The content of carbon may be the highest and of ash
and sulphur and volatile matter the lowest; but if the coke is soft and brittle its value as a furnace fuel is very
small. A dense coke, or one with a small amount of cell space, other things being equal, is within certain limits
inferior to one that is porous or with considerable cell space; while a hard coke, or one in which the walls of the
cells are hard and strong, is superior to one in which the cell walls are brittle and weak. The importance and
bearing of these physical properties of coke will be treated of in later pages.

In its chemical composition coke ig essentially earbon and ash, whiech is the fixed, 1norcramc matter of the coal
from which itis derived. It contains also Liydrogen, oxygen, mtroo'en, phosphorus, :md sulphur, and, in the coke
of cummerce, more or-less water. All of these constituents, with the exception of the carbon, are impurities, and
the value of cokes of the-same physical structure is inversely as the amount of these impurities.
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In an analyses of coke the impurities are usually grouped under the general terms ash, volatile matter, sulphur,
and in some cases other impurities are given separate from the ash. Ash is the unburnt and unvolatilized residue
of the complete carbonization of coal or coke. Its chief constituent is silica, with considerable alumina and
sesquioxide of iron. In the deseription of the Connellsville region of Pennsylvania an analysis of coke by Mr. F.
C. Pechin is given, in which there is 9.523 per cent. of ash. A complete analysis of this ash is as follows:

Per cent.

18 L T R 5,413
Almina. ... S 3,262
Sesquioxide of Iron . . oo o e i e et eemae e ames e narae e eama. 0.479
17 T g 0.243
LG5 1 g 0,007
Phosphoric acitl e .. ven et imae ia et i ceaiuet e scee e aseacees s saenesancncacrensannas oooe 0, 012
Potagh and 8008 «cun oo io i e e m et ac e isbsmsemsanssacteanre e assesannanne sumenao LIRCES,
9.416

Another analysis of the ash in Connellsville coke is as follows:

Per cont

L 0BT S 44. 64
1 1 U 25 1/
Sesquioxide of IO, oo v et et e e et e e svern ee e e eaenas 22,73
L7 M 6.95
7 T NP ) §

The chief objection to most of the impurities is their reduction of the calorific value of coke. The phosphorus
_ and sulphur, however, exert a decidedly deleteriouns effect upon the iron if coke is used in furnace or cupola work.
For these reasons cokes that are low in ash, if high in either of these ingredients, are of but little value.

The amount of water in coke is also an important consideration, and all commercial cokes contain more or less
of it. As cokes are usually dried before analysis, analyses do not usnally indieate the amount of water present
in the colke in the condition in whieh it is supplied to purchasers. It should not exceed 2 or 3 per cent., but at
times it is as high as 5 or 6 per cent. As the presence of water reduces the value of coke as a fuel, it should be as .
low as possible. This water comes chiefly fromn that used in quenching the coke, and it is therefore of the greatest
importance that some method should be used which shall leave the least water. The evidence seems to indicate
that coke guenched in the oven, as in the bee-hive plan, contains less water than that quenched outside, as in the
Belgian. v :

The amount of oxygen in coke is also a very important consideration, especially if it is to be used for smelting
iron, where the process is essentially the combination of the oxygen of the ore with the carbon of the coke; and if
the coke has already absorbed a portion of its oxygen, its heat value is reduced to that extent. Colkes that, so far
as ash is concerned, would seem to be of a fair quality are, more frequently than is supposed, really inferior fuels, by
reason of the presence of water, oxygen, and other substances, which not only reduce the percentage of carbon, but
in some cases require the expenditure of a portion of what remains in the coke to expel the injurious elements.

From what has been said, it is evident that when it is necessary to arrive at the approximate true value of &
coke, without:actually testing it in furnaces, which is oftentimes expensive and sometimes involves great risk, not
only is a thorough analysis necessary, but a most careful consideration of its physical structure should be made.

In various parts of this report, especially in the chapters on ¢ Coking and Non-coking Coals” and those devoted
to the coals and cokes of specified localities, a number of analyses of coke are given. In this place it is only
necessary to bring together analyses of certain of these cokes that may be regarded as types, giving here only
analyses of industrial cokes, or those made commereially, and not in the laboratory. It is not claimed that these
analyses are of the best specimens, or of average specimens even, unless so stated, and it is fair to presume that
parties in selecting specimens for analysis would not seleet the poorest.

ANALYSES OF EUROPEAN INDUSTRIAL COKES.

Loealities. Mine or seam. 3;%%‘;‘ Aash, Sulphur, |Hydrogen.| Oxygen. | Nitrogen. Authority.
English:
Durbam.ccoceviianaatt Browney, average..oeas.. .- 1. 580 6.86 0. 230 1,310 [eeemarnnnnan I Lowthian Bell,
O T PPN PR i 1+ 91. 490 6.82 0.480 1.780 |oeenenonnnns Deo.
DOineiracesccracamaannas South Brancepéeth.... ...... 92. 980 4.61 0. 800 2,110 feevareonnnns Dao.
L 93, 150 | 8.95 {eenennneen 0.720 0. 900 1.28 | Richardson.
N e, o et
BT Feet:h | I Mons basin......eiieeneaaan 91. 300 .20 foeeeerannnns 0.330 2.17 M. de Marsilly.
) 8 R P A [ 1 R 91, 590 5.80 [ieernrennnnn 0. 470 |- 2,05 5 Do.
T PO, Beraing . voeveneinriiciinae 80. 850 16,610 0,510 2,180 {.eeniiennnnn 1. Lowthian Bell.
(21541 F:0 D . Westphalia .oovuoanicnnnnn, 85. 060 6.400 0.860 | 7.880|.cic.aaeaan. Dr. ¥, Muck,
B T U FUoN [ 91. 772 6. 938 1. 255 0.040 [.eeeonnenens Do.
B 0T ST TN URRRN [ 1 83.487 10. 308 ) 0,787 5,467 [ceneerecmnn- Do.
R 11 ST S BBAT caeeeieriainaeeess 86. 460 8. 540 1,980 8,020 {-rerrnrinnes Do.
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ANALYSES OF AMERICAN INDUSTRIAL COKES.

TLocalities, i i i
Mine or seam. Carbon. Ash. Sulphur, | Moisture, 'E’;%;“élf Anuthority.
Pennsylvania:
Connellsville .oveeeoeen ciacenencss Brood Ford .oecvveenen vewicenens 80, 576 9.113 0.821 0. 460 | McCreath.

D‘o ............................ (8111123703 s P 89,150 9. 650 10200 o e ieaaas B. Crowther,
Trwin's.cooeevnnnen e emnnnen e Penn Gas Company...coveuneess 88, 240 9,414 0.962 1,384 { Curnegie Bros. & Co.
Allegheny mountains.. Beunington “B" .ee 87. 580 11. 360 1T P PR MeCreath
REIGEEIVIRT i PP Arnot Seymour vein,.oauee.o.. 84. 760 13.845 0.998 0.722 Do.

Allegheny River.caveseeeercrarany Lower Freeport-...ccoon eeeee 85,777 11. 463 2.107 0. 623 Do
Beaver county.coemecrnnaiiann., Tulmes & Bro....cevveravean.. « 84,727 12. 836 1. 994 0. 633 Do

West Virginia: ' '
PR AR C) R Quinnimont........coiiiianiiia 93, 850 b. 850 [UR-71 1 N S J.B. Britton.

07 R Fire Creek..c.erereencemaenaens 82,180 . 6£0 0. 618 0. 110 {ceevevvnnenn Do.

T PN Longdale veeesrrnennemacann-. 93, 000 6. 730 (21 PO C. BE. Dwight,

B Nuttallburg. ..ccvnmavrinneneenas 92, 220 7.530 0.810 f.ivniins]eimiinuannns Do,

Ohio: " .
S Leotonda. ..o iiiie e Washingtonville.eo-oenenne... 93. 760 5. 880 LE:1{1 I DR R Professor Wormley.
Btenbenville coocmeiiieniiineanen. Shaft conl.reveeiarcrimnananses 90. 830 8.380 0,270 {oeoivrnireasenenrrrone- Dr, Wath.
‘Tennesseoe : :
Tracy City.coveerenmarrrenacnvennns 83. 864 15. 440 0.142 foiiinrenacen]icnnnenannns Land,
Whitesides .:. 04. 560 4.650 Etna Coal Company.
Rookwood cveeerinanaasannnes 84,187 | 14.141 12 P Land.
Alabama:
Warrior field covveeenracricranoeens Pratt seam.-.... ruseenireanann 88,924 11,815 0. 563 0, 362 0.990 | Professor McCalley.
Cahaba field Helena seam 84,035 15,216 0. 445 0. 883 0. 660 Do.
inois: .
Big Madily «caceevniimnamnnvnreans Mount Carbon...oecvnavenennnn- BRB.180 10. 070 [0 911 0 0.930 | Thomas M. Williamson.
Colorado: [ "
ELIMOY0 «veunavenvncansrnvannssnn:| BLMOTO . cumenenons Cemecuersanne 87.470 10. 680 ; 0. 850 1.83
“Crested Buttes ....... tonvanirreaas Created Buttes..-.. P 92, 030 6. 620 l ............ 1.85
COAL-WASHING.

“Qoal-washing,” so called, is, strietly speaking, not washing, but the separation or classification of the coal
and its impurities so far as the latter are mechanically mixed with the coal and can be separated from it. To
accomplish this separation advantage is taken of the different specific gravities of the coal and of the schist, pyrites,
and other minerals that form the impurities. The action of all coal-washing or coal-cleaning appliances depends
upon this difference. , :

It will be evident that the problem of coal-washing is an extremely complicated one. The specific gravity of
the coal itself as it comes from the mine varies greatly, that from the same pit and the same lump varying
oftentimes from that of pure coal to that of shale, while the shale or schist presents all the intermediate gravities
from that of schist to that of coal. In washing it is evident that the denser coals and lighter schists would be
clagsified together, and thus the object of cleaning would not be accomplished, or the process would be so wasteful
as to make the washing a commereial failure. ;

The problem is still further complicated by the impossibility of securing a uniformity in the sizes of tha
particles of the coal. In washing it is necessary that the particles to be treated do not exceed a certain size, which
varies somewhat with their character. Preliminary sereening, and in some cases crushing, are therefore necessary,
but after such screening there will be certain sizes smaller than the mesh through which it has passed, including
considerable dust. This dust will be carried away with the water, and is either wasted or requires some arrangement
for settling and collection, while the difference in weight of the different sizes canses the heavier pieces to arrange
themselves with the lighter impurities. In addition to these difficulties, some coals are of such a character that
washing, though necessary to remove slate and similar impurities, is so wasteful of the coal and certain constituents
of the same ag to forbid its use, Agisexplained in the portion of this report treating of Ohio coke, the Steubenville
coal is not washed, because of the large amount of «mineral charcoal” contained in it that would be wasted in the
process. The same is true of some coals poor in hydrogenous matter. ’ '

Tt will be evident from the above that coal-washing is an operation that does not admit of any definite Tules
suitable for general application with absolute reliability in all localities, and the advisability of washing and the
method to be employed are subject to variations dependent upon the collieries, the localities in which they are
situated, the commercial conditions affecting them, and the amount of water available. It is thus t'avident that
coal-washing, in the language of M. Marsaut, “is a fanction of a great number of altogether mdependfant
variables, among which no sort of connection exists.,” For this reason it cannot be expected that any one washing

‘apparatus can prove perfectly satisfactory for all cases.

4



74 | MANUFACTURE OF COKE.

In this report it will not be possible to enter into a full discussion of ¢oal-washing, but only to indicate in a
general way its principles, methods, advantages, and disadvantages. (a) '

In Germany. the cleaning of coal is done to some extent by the use of air. The coal, first crushed quite small,
is fed into a strong inclosed current of air, the larger and heavier particles being first deposited by the winnowing
and the smaller and lighter carried farther on. This process could, no donbt, be sconomically adopted in sections
where water is scarce, and perhaps with some coals that would be hurt by cleaning with water.

Though the method by air may be used in exceptional circumstances, coal-washing is generally done by the
use of water. The washing or separation is effected either— :

Tirst, by a running stream of water, carrying the materials along with it and depositing them according to their
specific gravity ;

Second, by the fall of the materials through water; or,

Third, by the action of an upward current of water.

In most recent works on coal-washing the first method is ignored, as being too antiquated and wasteful; bub
as this plan of washing by a stream of water in boxes or sloping spouts or troughs is still largely used in England,
and is regarded with great favor, a description is given, though the process is wasteful, and can only be used to
advantage where water is plenty and coal cheap and dirty.

The accompanying cut shows in plan and section one form of the trough-washer. ()

The method of operation of this trough or channel will be readily seen. The trough is constructed of wood,
varying in length from 30 to several hundred feet, in width from 2 to 4 feet, and in depth from 12 to 15 inches.
This trough is divided into compartments by means of cross-boards or flash-boards from 4 to G inches high and from
10 to 25 feet apart, A screen of wire-cloth or perforated sheet-metal is placed at the lower end of the trough for
separating the washed coal from the water before the coal reaches the car or hopper in which it is shipped. Sliding
gates are provided in the sides of the trough for clearing it from stones and other impurities. Tho operation is as
follows : The slack coal, with a large and constant stream of water, is introduced at the upper end of the channel,
By the action of the water-current the fragments of coal, having a lower specific gravity than the impurities, are
carried down and over the steps, while the impurities find their way to the floor of the trough, and are kept back by
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Fr¢. 4.—Plan and section of trough-washer.

the .cross-boards. To prevent the larger pieces from becoming too much mixed with the impurities especially
behind the steps, the material is stirred with poles. These operations are continned until the bed of t,he channel
above the gross-boards is filled with impurities to near the top of the boards, wlen the inlet of Shwi: i sbolv‘)pcd
The water is kept flowing and the material stirred from the upper dam downward until all the coal has been ﬂonted.
away, lez%vm‘g onl,'v the impurities at the bottom of the trough. Then the sliding gate near the screen is opened ‘m;d
cqmmumeatlon with the coal-hopper is closed and established with the outside. The steps are femovéd comme‘l;cino'
with the lowest one, and the channel is washed out to be ready for a new round. The cleaning of tl,xe troﬁg‘h h.u:.

a Those desirons of investigating this subject further are referred to Rittinger’s Lehrbuch der duf, bereitungskunde, Ernst und Korn,

Berlin, 1867, M, Marsaut’s treatis i i inceri P 7
Pitf;gb; iy ,1 o ¢ reprinted in Enymee:mg, London, vol. 29, 1877, and to Coal-WasZciazg Machinery, by 8, Stutz,

b For this and the cuts of the Hartz Jig T am indebted to Mr. David Williams, of the Iron 4 ge, New York,
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to be repeated every three or four hours, varying with the amount of impurities in the coal, and during this cleaning
the process of separation is interrupted. The effectiveness of this washer depends largely upon the carefulness
of the workmen.

According to Mr. Stutz, the amount of coal that can be washed in a day in a single trough from 40 to 50 feet
long varies from 2,000 to 3,000 bushels, according to the amount of impurities. About five men are required,
and, estimating labor at from $1 to 81 25 a day, the expense of washing per ton is from 10 to 12 cents. The volume
of water used is very large; it may be estimated at from 300 to 400 gallons per minute for a single trough.

- In the cut on the preceding page A is the coal-hopper, from which the slack is let into the trough T, water being
supplied by the pipe P, flowing down over the steps s, carrying the coal with it over the sereen S into the car O.
The water, after passing through the sieve, passes out by the drain D to catch-tanks, where the fine coal is allowed
to settle. The gate g at the side of the trough is used for removing the impurities which drop into the car .

In the washers most commonly in use the separation is accomplished by the action of an upward current of water,
or by washers of the third class, and in constructing them for the cleaning of a given coal it is important to know
and regulate two things:

Trirst, the size of the pieces of coal to be operated upon.

Second, the speed of the upward current of water. .

Herr Rittinger, who has so fully investigated the mechanical dressing of ore, has shown that if spherical
pieces or grains of any substance of different diameters and different densities are allowed to fall through still
water they severally acquire il an exceedingly short time a limiting velocity of descent, which thenceforth continnes
uniformly for each separate piece respectively. By a series of caleulations and experiments he has deduced a
formula giving the mean uniform velocity of irregular-shaped pieces of any substance, coal in partieular, when
falling through water or when subjected to the action of an ascending regular current of water. This formula is:

Velocity in feet per second =1.28 v D(d—1), 4 being the density of the material and D the diameter of the
mesh riddle or sereen, or virtuaily the diameter of the pieces to be operated upon. From this formula tables can
be deduced showing the rapidity of the fall of coal and its impurities when these are known for a given coal, which
will indicate what must bé the sizes of the coal to be operated upon, and consequently the size of the mesh of the

_riddle used in separating prior to washing.

This will also indicate the velocity of the upward current of water, as it must be proportioned to the size of
the material treated. M. Marsant has shown that if a mixture of coal, slate, ete., is subjected to the action of an
ascending current of water the following conditions may ocenr:

1. The speed of the upward current may be exactly equal to the limiting velocity of fall of the pieces of coal
or other substances throu gh still water, in which case the corresponding fragments will remain stationary.

2. The speed of the current may be greater than the limiting velocity, and in this case the fragments will rise
with a velocity equal to the difference.

3. The speed of the current may be less than the limiting veloeity of the pieces, and in such case the latter
will fall with a veloeity also equal to the difference.

In all cases, however, the formula of Rittinger is applicable.

It is evident that the velocity of the upward current should neither exceed nor fall short of certain limits. A
current too strong will interfere with the classification, while a velocity inferior to that of the larger or denser
fragments of coal will be incapable of separating the latter from the surrounding pieces of slate. It is also
necessary that the upward current be uniform throughout the whole of*the mass of material, since differences in
this respeet at particular points will produce unequal displacement of pieces, which otherwise would fall with equal
velocity. . '

In)the action of the washers about to be deseribed the coalis fed upon screens, and the upward current permits
of the arrangement according to gravities and in accordance with the law of Rittinger. The particl-qas do not havre
the same independence of motion as when falling through water isolated from each other, but any interference is
obviated if snficient time and space are given for the action of this intermittent current.

M. Marsaut divides coal-washing machines into three principal classes:

1. Machines in which the water absolutely filters through the coal to be washed. This is the case of the old
piston or Hartz jig in its different forms, whether worked by machinery or by hand. .

The filtering action of the water comes fully into play in this machine, and slack of poor qual'lty may 'be tref_zmt‘ed
to advantage, since the action caused by the back suction is brough't to bear upon the ﬁne partmleg of impurities
forming the slimes. - For this very reason, however, it caunses a serious loss of combustible matter in the shape of
fine coal, and the apparatus is therefore wasteful. . » - '

We give on page 76 cuts of two forms of the Hartz jig, in one of Whl('}h the coal is remoyed from the 51e§e'> by
rakes or by hand (Fig. 5), and in.the other by the revolving scraper R (Fig. 6). The operation of these n;achmes
will be readily understood from an inspection of the drawings. . A o

The water flows into the settling-tank through the pipe p, and by the action of the plunger P is given a

reciprocal motion, which forces it up through the sieve 8, into which the coal is let from the bopper J, in Fig, 1.

a
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As the water flows over the delivery bridge b, with each stroke of the piston it carries with it into the channel ¢ &
certain amount of coal. By means of the serew a, the impurities are let into compartment d, through which they
reach the outside through the opening e. As is
already explained, this process is somewhat waste-
~ful. Mr. Stutz estimates that from 150 to 200 bushels
per square foot of surface of screen can be washed
per day of ten hours, requiring a volume of water of
from 5,000 to 6,000 gallons, or from 30 to 35 gallons
per hushel of wastied coal. Generally two men are
sufficient to wash from 2,500 to 4,000 bushels per
day, making the expense from 3 to 5 cents per ton.

2. Machines in which the filtration of water
through the material is either entirely or partially
obviated, aud in which a continuous or intermittent
ascending current of water produces the separation,

These washers possess the great advantage over
the former class of machines of effecting a more
complete séparation, and thus the loss of fine coal is
reduced to a minimwm, They also require far less
driving-power for their working. Great improve-
ments have been made in the arrangements of some
of these machines, in view of the quantity of washed
coal produced and in the economy of attendance;
but here I may state that at some places the free
delivery or overflow of the washed coal is the source
of the greatest trouble, as the machine is pushed
and made to deliver more than can be properly
. washed. The discharge by the overflow being con-
trolled by the quantity of water let into the machine, some machines are forced to turn out deuble the intended
amount; and the consequence is that the coal is badly washed. A certain time is of absolute necessity to obtain
: a good cleansing, and the quantity of washed
coal has @ direct and invartable relation to the
surface of the sieve of the washer.

An illustration is given on page 77 of the
Stutz form of this class of machines, most
largely in use in this country.

Two wooden boxes, 4 and B, strongly
bolted together by tie-rods and flat iron baunds,
coutain, respectively, the sieve § and the
plunger P. The water is taken into the ma.
¢hine by the pipe g, and the current is pro-
duced by means of the plunger P and a differ-
ential cam, C, and its action may be easily regu-
lated to suit the size of any substance. In
this apparatus the yoke of the cam Cis con-
nected with the plunger-rod Dy a swiveled
serew-nut, and can be raised or lowered, ac-
cording to.the current required. This is done
by the hand-wheel . ¥ is a spring-buffer, to
limit the downward stroke of the plunger, and
_——:”E;:1 v are valves to prevent the filtration or back-
=— suction of the water, The arrangement of the
' ' curved partition » has for its object to direct
the tresh water upward through the sieve and
the layer of the material, and to prevent its being mixed with the slimy and muddy water of the lower portion of
the box 4. Coal is brought upon the sieve from the bin J by passing below the gate . At each fall of the plunger
Py a certain volnme of fresh water being driven through the openings of the valves » into the box A, a sudden rise of
the water-level and the layer of the material is thus produced, causing an equal volume of water to flow over the

bridge m into the chaunel ¢, carrying with it an amount of pure coal. Before leaving the washer the mixture of water
/ ‘ :

Fi1a. 5.—Hartz jig.

Q

)%

N
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Fra. 6.—Hartz jip;, with revolving seraposr.
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and coal passes over a drying sieve, 4, leading the coal to the elevator buckets, while the water goes out through
the meshes of the sieve and flows out below. By their greater density the pieces of slate, sulphur, ete., form the
layer immediately upon the sieve .8, and, being forwarded at the same time as the coal, will pass through the valve
H into the slate-chamber N, The inlet of the slate into the valye H is regunlated by the lever d, according to ite
percentage. From the chamber N the impurities are let to the outside of the gate o, worked by the lever [, and
reach the trough ¢, from which they are carried away by the waste water. The fine particles of slate, etc., forming
the slimes, settle below the partition » and are discharged Ly the valve k. The use of a differenfial cam for the
working of the plunger allows the material after each stroke the necessary time to deposit, according to gravity.
An eccentrie or crank cannot produce the same movement, The nsual size of the sieve is 3 feet by 4 feet 6 inches,
or by 4 feet 9 inches, hence its surface is 13§ or 144 square feet. *Washers with one or more sieves are constructed.
An apparatus with two sieves of the above dimensions can prepare from 200 to 300 tons of slack per day of ten
hours. The amount of water required varies from 12 to 25 gallons per bushel (76 pounds) of coal, and sometimes
even more, according to the percentage and nature of the impurities contained in the material.

Mr. Stotz estimates that from 3,000 to 4,000 bushels of coal can be washed per day in this machine with a simple
screen. At the works of Charles H., Armstrong & Son, at Pittsburgh, an apparatus of two sereens 3 by 4 or 4§ feet
washes daily from 6,000 to 7,000 bushels. A 4-gallon pump, running at from 50 to 60 single strokes per minafe,

furnishes the necessary water, thns giving from 20 to 25 gallons of water per bushel of coal.

The labor needed to the above amount is:

One man attending engine and washing-machine, abt ..o oooooniion il $2 50
One man attending to boilers, afic, b .ee oo mn i et i e cert i et it tce e ke ce e s 12
0 2 o 375

or from 14 to 2 cents per ton.

At the works of the Colorado Coal and Iron Company, near El More, in Colorado, where the coal is crushed
and washed in this machine, the cost of crushing and washing 200 or 250 tons daily is from 4% to 5§ cents, as will
be seen from the following statement, the amount washed being, as above given, 200 or 250 tons:

Interest per day on §12,000 at 10 Ter cettb, PO ANNWN ..ot vvitiiims re s semmmm cnan cemmm seeecc e cans $4 00
Coal, ofl, packing, ef0. .. aen e crie e i e e e it cemme e e reeameaa e e 1 50
On6 MAChIDIS .o s e a e ime i e et i e e e e e amem e cme i amee i mneecamaan e 2 50
LT 3. 11y 17
L0 1T 1 105 3 g G N

B 100 ) 11 25

The third method of washing of M. Marsaut includes a number of plans of sorting by equivalents, none of
which are in use in this country, and whieh it is not necesssary to refer to here.

Asmany of the coals of Illinois especially require washing, I give a cut and description of a Washel that has
been especially adapted to these coals. Itis the Osterspey jig, improved by the Messrs. Meier, of Saint Lonis. (See
page 79.)

The upper box A B is composed of 2-inch plank, feathered at the Jjoints, and bolted to a stont bottom frame of
 4-by-8inch seantling and an upper frame of 3-by-6 inch scantling. The bottom frame serves to rest it-on floor timbers,
either lengthwise or crosswise, ag most convenient. The lower box C, also of 2-inch plank, fits into it, secured by
heavy feathers and bolts. It is pointed toward the bottom to cause the fire-clay, ete., to settle around the mud-valve
M, through which it is discharged. ; - ,

The upper hox has a rear chamber, B, with plunger P, and is separated from the forward chamber A, with
screen bottom g g, by means of the diaphragm E. This is double, and admits the water-supply pipe W and
the mund-valve rod », both of which pass through the cross-plate e, which forms a fulerum for the mud-valve level -
m and a support for the housing H, carrying the two shafts. The forward shaft carries a pulley, S, and a slotted
cross-head, T, in which a T-headed bolt, I, is clamped at a point giving the desired stroke. A sleeve on the bolt L
works in boxes sliding freely on the guides G attached to the rear shaft, thus giving a quick down-stroke and slow
up-stroke to the crank K and the plunger P, ~

The bed ¢ is made of fine wire-cloth, supported on coarser netting, or on perforated plates of iron, braced by
six small angle-irons crosswise and two hemv1er ones lengthwise, held down by key-bolts, ¢ a, and resting on a
narrow cast-iron frame, f 7.

By driving back the keys and unshipping the six bolts ¢ « the whole bed can. be lifted out and replaced in ten

minutes. By having a few extra bed-screens on hand, we avoid delays in case of choking up by ﬁre-cla,y, or in case
of repairs to screens.

The screen-plates perforated with fine holes in use in Baropé will not answer, frequently choking up with fire-
clay several times a day.



79

MANUFACTURE OF COKE.

Sca:

e — )
e
==

T e o A P Y A

.........

Frout view.

ﬁn..

¥1Ig. 8.--36-"ach Osterspey jig H.omlecpr




80 MANUFACTURE OF COKE.

The eoal is fed through a hopper, I, and under the slide J, which regulates the quantity. Itis jigged along the
whole length of the screen g, the washed coal discharging over the bridge through the hopper D. The slates and
dross pass through & slot fush with the bed-screen and through the valve V, and drop into a pocket, from which
they are oceasionally drawn by means of the slate-valve O:

The main valve V consists of part of the periphery of a cylindrical roller which has been perforated by a
number of parallel triangular prisms. This presents to the discharge-slot a nunber of triangular openings, giving,
equally distributed over its entire width, just as much free area as is required to continuously discharge the dross
as it accumulates on the bed g.

‘When it becomes necessary to open the valve O the valve V is momentarily closed by turning the lever » until
Y presents its smooth cylindrical surface to the discharge-slot. Then O is thrown suddenly open, the dross washes
out, O is as rapidly closed, and V slowly returned to the position previously determined as giving the required
discharge avea.  The plunger has valves, ¢ ¢, of such opening as to prevent any possibility of suction, The feed-pipe
w supplies water when needed to fill the jig or to supply the waste when V is closed and O open. The value of
having the lower discharge as far as possible from the feed and of the full width of the screen, whether in
washing coal or concentrating ores, will appear upon reflection, and can be shown by ocular demonstration when
working & jig.

A certain number of strokes will be necessary to create regular layers of materials of different gravities, and
within certain limits this classification must be improved with each stroke. These layers will, in nniform action of
the upward currents of water, be of equal thickness across the jig, 4. e., perpendicular to the line of travel.

The quantities washed, preserving the quality above given, varied from 30 pounds for the smallest size, I, to
223 pounds for size IV per hour. On Pennsylvania coal the same machinery could easily furnish 60,000 pounds
per hour.

As to the advantage and beuvefits of eoal-washing, there can be no doubt that in many cases where the coal
to be coked is impure, containing a large mixture of slate or sulphur in the form of pyrites, it is advantageous
to crush and wash previous to coking. It would also be advantageous to wash slack in which there is a large
amount of the same impurities, but it by no means follows that all coals would be improved by washing, even
though the impurities might to some degree be removed. The Kemble Coal and Iron Company, at Riddlesburg,
Pennsylvania, which for some time used a modification of the Berard washer, abandoned it some two years ago.
The operation carried away the hydrogenous matter, which made a desirable physical structure and afforded heat
in the coke oven. Other works in this country using other forms of washers have ceased washing. A coal
with a large surplus of pitchy matter can be washed without serious loss; in fact, in some instances, with gain;
for it has frequently too mueh of this matter, and a reduction is advantageous. This fact should be carefully
borne in mind in deciding as to the advisability of washing a coal to reduce the percentage of ash. Connellsville
coal, no doubt, would be injured by washing, and the small excess of ash or slate in the coke, if aluminous,
is not objectionable in a furnace working mainly with lake ores. It may be that in this statement will be found
an explanation of the fact that a good many cokes, with what might be termed an excess of ash but a good physical
structure, are superior as blast-furnace fuels to cokes with a less amount of ash,

Insome cases, where washing is not advisable, it has been found that simply erushing the coal prior fo washing
bas a very good effect. Mr. I. Lowthian Bell stated before the Iron and Steel Institute of Great Britain that he
found crushing the Durham coal prior to coking a great advantage, and in many parts of England the coal is
thoroughly crushed before coking.

In many sections of this country the coal is washed prior to coking, and it has been found to be decidedly
advantageous. Illustrations of this are given in the remarks on coking in the different states. It is also found in
some sections of Europe that great advantage results from careful washing, Washers are largely used in Belgium,
and in Westphalia especially a great deal of ingenuity has been expended in improving the methods of washing.

COKE AS A BLAST-FURNACE FUREL.

By far the largest part of the coke made in the world is consumed in blast- furnaces in smelting iron; indeed, it
has been with ifs use in these furnaces that its manufacture in any country may “be said to have begun. It was
Darby’s successful use of coke at Coalbrookdale that made coking an English industry, as was the use of the
Connellsville coke at the Clinton furnace of Graff, Bennett & Co., at Pittsburgh, the beginning of the wondertul
development of that region.

It is impossible to say how much of the pig-iron of this country is made with coke as a fuel, either in whole ox
in part. In 1879 1,438,978 net tons, out of a total of 3,070,875, were made with bituminous coal as a fuel, either raw
or ag coke; in 1880 1,950,205 tons out of 4,295,414, Nearly all this was with coke. In addition to this some of
the iron reported as made with charcoal is made with charcoal and coke mixed, while a much larger proportion of
the anthracite iron is made with part coke. Mr. James M. Swank, special agent, states that 2128,255 tons of
coke were used in the manufacture of pig-iron in the United States in the census year, Whﬂe ,615,182 tons of
anthracite and 53,909,828 bushels of charcoal were used in the same time.
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The nse of coke has been rapidly increasing since 1871. For some years prior to this date considerable coke had
been used, but a large portion of the iron made with bituminous fuel was made with raw coal. In 1872 the Lucy and
Isabella furnaces, at Pittsburgh, went into blast, and the results obtained with Conuellsville coke undoubtedly
attracted attention to this fuel. No other furnaces in the world, except the Jdgar Thomson, also located at
Pittsburgh, and using the same coke, have ever made so much iron in a week. The results obtained led some
anthracite farnaces at the time of the great strike in the anthracite region in 1875, which cut off the supply of coal,
to try coke, with most remarkable results, and a practice hegun from necessity was continued from choice. The
make of the furnaces has been largely increased, accompanied with an economy of fuel.

It is not within the scope of this report to enter into a discussion of the relative value of coke and anthracite;
but it may be said that the superiority of coke as a furnace fuel is largely due to its physiecal structure. It is not as
dense or as pure a fuel as anthracite, but its physical conditions are such as to especially it a good, well-made enke
for a blast-furnace fuel, (a) It bears aheavy burden, retains its shape as it passes down the furnace, does not splinter
or grind away, allows the pagsage of the blast, is swift in combustion, and acts with great energy. Some of these
characteristics explain how it improves the -yield of anthracite furnaces. Its swift combustion and energy assist
the slow-burning anthracite, and by retaining its shape without splintering it gives a better draft to the blast.

‘While not entering into 2 discossion of the relative merits of these two fuels, it may be well, however, to
indicate the results obtained in practice, both when used singly and when used together in tbe furnace. The following
table, furnished by Messrs. Taws & Hartman to Mr, James M. Swank, special agent, and published in his report on
the statistics of iron, page 173, shows the consumption of fuel, together with other necessary details for comparison,
at eleven prominent coke and anthracite furnaces in the United States, taken from an average of-six consecative
weeks’ work in each case in the summer of 1881:

Details, [ ¥o.1. | ¥o.2. | 0.3, | ¥o.4. ‘ No. 5. No. 8. No. 7. No.8 | No.0. | No.10. | No.llL
i | o i —
BOBh. e et e rrae e feet.., 18 1 18 20 18 16 15 17 20 ! 20 17
Helght oooiivmmeriniinmee i cceevacananas do.... 8 60 85 75 70 170 56 70 80 75 83
Fuel to ton of pig-iron ... ...pounds..} 2,227 | 2,264 | 23814 [2000 2, 987 2,822 9,608 2,957 | 2,490 | 2,677 9, 618
Carbon in TUel, «eneeveivrrnersenss ..percenb..| 85 o4 8 | B2 | 88 85 87.4 83 8 | 87 ]
Ore to ton of Pig-dron..ee.vecceueaas pounds..| 2,610 | 4,816 | 4,080 i 2,481 J 4, 480 4,239 8,413 3,020 | 3,071 4,212 4,362
Rolling.mill cinder to ton of pigiron...... do....[ 2,080 [o.loeoifeeeiaan i‘ 1,280 Jeersonirenantoiiaiiiiann. - D B
Limestone to ton of pig-iren........ 1,546 | 1,355 | 1,815 ' 1,756 2,240 1,816 1, 050 © 983 [1,839 2,309 1 1,107
Quality of pig-iron-.c.e.eeiinnneeaiana, 14,2,3 3,4 ‘1 11,23 L2 2 2,3,4 3 1 2,3 1, 2]3‘3‘;::8(5-
Heat of blagb..o....... A R 1,160° 7500 | 1,0600 | 1,150° 1, 100° 1, 3480 8760 1, 3712 | 1,080° 785¢ 50U
Kind of fuel uged Coke. | Coke. | Coke. | Coke. [Anthracite./Anthracite,/Anthracite, | §coke, §an-| Coke. [jcoke, fan.| fcoke, fFan-
thracite. . thracite. thradite.
Average weokly production of pigdren in tons 700 170 562 086 470 292 403 350 | 1,%274% 527 300
of 2,268 ponm{:!. .

# In a recent disoussion as to the requisites of a gaod blast-furnace fuel, Mr. John Fulton, in & letter to the Keyatone. Courier,
mentions four characteristics a8 essential: 1. Hardness of body; 2. Well developed cell struoture; 3. Purity; 4. Uniform quality.

00, YOL, IX—6 _ .
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| OOKING IN PILBS,

Ookmg is essentlzbliy a process of dlstﬂlatlon, 1ts obJeet bemg to exjpel ﬂom thé coal the’ Yolatile” matter at the
least expendlture of its carb ren in the fmm of‘ 8 firm hard coke. To accomphsh thls three methods
of cokmg aré employed’_, :

I‘Jrst In piles or ‘mounds, a method zmalogous to ‘tliat uied i the manufaetule of vegemble c'horcoal

Second In tectan gular kl.lns, havmg buok or stone sndes, and en’mrely open at ‘the top ’

’,thrc In closed lgllns or ovens of brick ot ston‘ , ‘

The snnplest of thi 56 methods, ond‘the lcast expensne in plfmt but‘ the' nﬂost asteful” find oxpenswc in’ ¢oal,
1s tlmt Jn heaps, pﬂes mounds 'T_‘hi method 14 termed in various parts of the WorId “cokmg iii" 'coke- ﬁres”
on ,“coLe hefu'ths 7, Kin rleks,’5 i r‘LcLs " fmd “on the” ground” The éarliest’ method of colung i piles, and one
ev1denﬂy sug gested by t’h ' ‘ethod mployed by hércoal I)urners in charting wood isina’ small circular heap The
coaJ which must Be in" Tamps

nps fed 111‘ th Qpen air in circular mounds, ‘the’ lumps belng sét on their shfupest
angIe, S0 that air- spa,ces are left, and s ‘swall a surface ' a§” poSsﬂ)le touches’ ‘the’ ground < Thig pro esy is“at first

~ conducted without any external covering and with a free access of aif.’ Asit’ progresses thée ‘burnmg‘ is'checked at tlie

proper time by the application from the base to the top of a coating of breeze coke; or earth. W hen sufliciently
burned, all aceess of air is prevented, the burning stopped, and the cokeis allowed to cool. The’ ‘Golceheap is always
erected on the same station 7, where sufficient breeze soon accumulates for damping the fire in the hieap. This
process is very wasteful, the yield.often Deing less than 50 per cent. 1t is stlll used however especlally in sectlo S
where the demand for coke'is small and its manufacture has Jjust.begun. o
... Instead of the circular lLeap, pyramidal plles, with narrow, rectangular bases, are sometunes used : A'J.‘lns
method is preferred to ’rlnt of the small cn*culcu - hedp, as it iy not so Wasteful, and amuch larger ount of voal' )
be operated upon.: Usudlly these: piles are: quite long, oftentimes from 15 0 0. 200 feet and 1instea r,,of one lonb plle,

frequently 4 number of short onesj-paraliel to eacli otherjare used. t At the. Ooalbroolrvale iron works, in. South
‘Wales, pits.or piles. 12 feet wide by.from .3 feet 6 inches to 5, feet high in the, center are burned, the pits containing
from 2 tons 10: hundrul weight to:3 tons per-linear yards This method: :seems-to have been nsed at an early. date in
the hlst‘ory of coking in. En gland Mughet, in gn article, wriften prior to 1800, thu

plaemced at that time: ‘ : SRR

g lglagst-{uu;nee, ’
These arg fumly ead and puddled oyerwith.clay;. 80 48 o EE\SE mhe NeCEsSarY: e
spaces form sqnares, Tuore ot less oblong, and are called hearths, upon whleh the pi 1

other. ~Great careis taken to place each 1)1eco upon the greund layer on its acute angle, in order that the least suif: b Iﬂossﬂ)le muy conie
in contaet with the ground. By this means large interstices are preserved for the admission and regular commuuication of the air
necessary to excite and effect complete ignition.

The quantity of coke charred in one heap or hearth is various ab different and even at the same works. About 40 tons of coal form
the smallest fires, and some hearths agadn will admit of 80 or 160 tons. The length of the fire is in proportion to the quantity of coal
built; the breadths and heights are also subject to no determived standazd, but are from 30 to 50 inches high and from 8 to 16 feet, broad.
In building each fire they reserve a number of vents, reaching frem top to bottom, into which the burning fuel is introduced. This ia
immediately covered by small pieces of coal beat haxd into the aperture ; these repress the kindling fire from ascending, and oblige it to
seck a passage by creeping along the bobtom, which is most exposed to air, In this progress the fire of each vent meets, and, when united,
it rises gradually and bursts forth on all sides at once.

If the coal contains pyrites, the combustion is allowed to continne aconsiderable time after the disappearance of smoke; the sulphur
then becomes disengaged, and part of it is found in flowers upon the surface of the heap. If the coal is free from this hnrtful mixture,
the fire is ecovered up in a short time after the smoke disappears, beginning at the foundation and proceeding gradually to the top.

The Jength of timo necessary to produce good coke depends npon the nature of the coal to be coked and the state of the weather.
In fiféy, sixty, or seventy hours the fire is generally completely covered over with the ashes of char formerly made, The coke, thusentirely
secluded from the air, soon cools, and in twelve or fonrteen days may e drawn and wheeled to the furnace. («)

The practice at the present time in England where piles are used does not differ much from that deseribed by
Mushet. In preparing these heaps the grownd is first leveled and covered with a layer of small coal, from 12 to
16 inches thick, upon which the large coal is stacked, inclining toward the middle in such a manner as to leave
air-passages all through the inside of the pile, the outs1de being covered with a layer of small coal.. The piles
are ignited on the top at intervals, and the process of coking is condueted downward. If the heaps are long, the -
coking is facilitated by a series of chimneys that are formed by building into the pile stakes of wood, whieh,
after being withdrawn, are replaced by burning coals. The fire is thus communicated to the mass in so many

" & Mushet On Iron and Steel (London, 1840), page 53.
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partsat the same time that ighition: soon becomes :general; and;voking: proceeds!thronghout the Whole: éxtent.
As: the flames: aseend-upon the:ontside -of the pits, the celwer- da,mps; them JWlﬂl Wet coke dusﬁ -unt1l ‘the: coa}: IS
completely coked throughout, when: the.weft: dust is-carefully - ‘ ‘

packed ! down, the. entranceé of  air: is: prevented; and -the: fire;
deadened. i The heap:is-dllowed to remain itwo or three days to.7 107!
ool care Being-taken to supply'it. with thickei eovering on the: i,
aide! that is exposed to the: wind/than on that which:is'opposite
to it.': When thefire:i§ nearly extinguished the coke-is. with-i:
drawn and gnenched by the nse of 'water.: Thismethod;ak well =i
as that:in-¢ircnlar: hedps, is far from eeonomwal, and:the coko i
made i by no:means uniform. o T b b pn Dee e

In this country the method of cohmg (a) in open heaps or
pits, as practiced by the Cambria Iron: Company:in the Allegheny
Mountain region, is probably the most systematic and thorough
of any. The accompanying engmvmg gn'es a good 1dea, of the
pits used. ook Al

The coke-yard is prepared by lwehng a piece of grouud and
surfacing it with coal dust. The coal to be coked is then
arranged in heaps or pits, with longitudinal transverse and
vertical flues, sufficient wood being distributed in these toignite
the whole mass. Beginning on a base of 14 feet \ndu, the COLLI o
is spread to a depth of 18 inches, A.~ On this base the' fluy e
arrvanged and constructed as shown in-the pl(m the em_lbdiiig’ .
piled up, as shown in section B.: These flnes ave m‘Ldo ot reluse
coke and lump coal, and-are- (,ovu'ed with billets of wood:  When.
the heap is ready for cokmg, fire isapplied at the bage of thiézﬂ{,
fines, C, C, 1rrmt1ng the kindling-wood- at" e%h a.ltem? te fite.
As the process advances the fire‘extends b every duectxm_" untill
the whole mass is ablaze. Considerable attention.is réquired in
managing this mode of coking—in diffusing the fire (,\7&,1113
through the mass, in preventing the waste of coke by too mueh
air at any place, md in banking up the heaps with fine dust as
the operation progresses from hase to top.

When the burning of the gaseous matter has’ééhsed, the
heap is carefully closed with dust.or duff, and nearly smothered-
out in this way. The; “final opemtlon 1s thie. apphcumon ‘of w :
small quantity of water: down the vertical flues, which. quuwk’ly R
converted into steam, pmmeatmg ‘the whole mass. This giv 8-
coke, if carefully ‘Lpphed the least: perceutagu of moisture, | .

The time necessatry: “for Lokmg a heap’ with " the: Btl)lllu"tuu ;
coal is {from ‘_mtova_Smdms; dependmg m'mnly on thL .stmte ot‘ he -
weather. L A T A R

The coke made i m ﬂllb me is b(,'yond_ any doubt exeellent, and lts yield acenrately. determined at Bennington
and Hollidaysburgh i ]S ag follows: S e T

. Groas tons.
............ 56, 87

J-J.”. ki ully

ot ey

1l N un Ml by

‘f"-‘é’l M
04percent b

IURIN

‘fieid of colt

v b ehimueys and the hardness
< closed, aud in the course of two

Tyt ettt said e albibips

a Repart L of the Pennsylvania Geological Survey, p. 122,
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The yield at both these places is substantially the same, 59 per cent., exhibiting a loss of 24 per ceut. of the
carbon contained in the coke. The surface of the heap is coked hefore the-central parts are reached, and the outside
is, therefore, burning to waste while the central portions are but little acted upon.

This method of coking in heaps or piles is practiced to but a small extent in this country, though it is still
used in some parts of Europe. It has the advantage of requiring but little capital and the erection of inexpensive
structures, only necessitating a stight preparation of the surface; but it has the disadvantage of requiring that the
greater portion of the coal be in lumps. The coke obtained is lacking in uniformity, and the yield is comparatively
small, from 50 to 55 per cent., that by other methods yielding from 60 to 70 per cent. The manufacture in piles
or mounds is justifiable only when building material is high-priced and coal very cheap. ‘

As is already stated, the circular heap is not used to any great extent in England at the present time, and an
improvement on this method, in which a chimney is used in the centre of the pile, is thus deseribed by Perey in
his Metallurgy.

The accompanying cut, from Jordaw’s Metallurgy, shows the circular pile in use in France, the measurements
being in meters,

_V COKING LARGE COALS IN CIRCULAR PILES.
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A large circular pile, containing some 20 tons of coal (1 ton=2640 pouuds), is stacked around a chimney built
of bricks without mortar. The diameter of this pile at the base varies, in some instances being 18 and in others
30 feet, the height at the center nearest the chimney being from 5 to 6 feet. The bricks in ‘the chimney are laid
so as to afford openings for the escape of gas and flame, a large flat brick at the top serving as a damper, and
the heat of the pile is sufficient to vitrify the surface of the bricks of which the chimney is built and to bind
them together. The outside is covered with wet coke dnst. The pile is lighted at the top from the chimney, and
combustion is downward' through every part of the mass. Too free combustion is checked by wet coke dust
applied with a spade, including the space around the bottom previously left uncovered, and, if necessary, the
~oimuney is left unclosed. About 10 days are required for coking by this method, water being thrown upon the pile

___J.*.:"JD In some cases, instead of lighting from tho top, coals ave dropped to the bottom of the chimney,

- .from the middle of the bhottom ontward.
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COKING IN OPEN KILNS,

As coking in the cireular mound developed into the bee-hive oven or kiln, so coking in long rectangular piles
resuited in the open kiln, This process of coking in open kiln is only the long-pile process, with permanent walls
for retaining or holding the sides. ’ '

The kiln as used in Silesia, which is shown in the aecompanying cut, consists of a rectangunlar inclosure,
having two parallel side walls of briek, « ¢ (Fig. 2), loored with brick set on edge, beneath which is a layer of
glassy Dlast-furnace slag, broken small, through

which proper drainage is secured. The inner COKING IN RECTANGULAR KILNS.
surface of the walls and the bottom is of five. :
brick; the outer wall may be of red brick or
stone. The walls are § feet high, 8 feet apart in
the clear, and from 44 to 60 feet long (Prussian
measure). In each of the walls « is a séries of
openings, ¢ (Fig. 1), 2 feet apart and the same
distance above the floor of the kiln, so placed
that those on one side of the kiln are opposite
the corresponding ones on the other.  Ifrom each
of these openings rises a vertical chimney, d.

Dr. Percy thus deseribes the process of
charging, firing, and burning this kiln:

The space ¢ hetween the two walls at one end of the
kiln is bricked np, and threagh the opposite end coal
slack is wheeled in, spread over the hottowm, watered,
and stanped down so as to forin a solid stratum 9 inches
thick, or as high as tho lower edges of the openings ¢ ¢,
ete., Indeed, this height inay be made 2 feet with advan-
tage, if' tho coal De snitable. Pieces of wood 6 inehey in
diameter at one end and 4 at the other, and in length
equal to the width of the kiln, are then passed throngh
the openings in one wall, so that their opposite ends may
respectively lie in the corresponding apenings in the other
wall.  ‘Wetted coal slack is spread over the picces of wood
and stamped carefully down. The kiln is then filled up
with slack, which at every 6 inehes of additional height
should be watered and stamped down., Brand well re-
marles that the mode of filling just described is very hard ¢
work when the kiln excecds 40 feet in Iength. After the
filling is completed the top of the coal is covered with a NN i
layer, 2’01' 3 inches 'blAlick, of coal dm?t-, or, fai-]ing this, of ‘. //7/ A \\\\\\\\\\\\\
loam. Thoe end opening, through which the kiln has heen ’//é%;ﬁ%&é\\ ‘\&Q\\\\\\\\\\
charged, is at last bricked up. The pieces of wood are 22N RN
now carvefully drawn out, and thus a series of channels ) Lig. 8, Sectlonontheline A,
is lett in the coal,- npon the maintenanee of which the : afver fiding.
suceess of the process essentinlly depends. Should an F1e. 11.
injory occur to any of the channels at the eowmmencement it can hardly be repaired afterward. Before lighting the kiln all the
chimneys on ouo side are stopped by placing a brick, @/, on the top of each, thosa ou the opposite side being left open, while on the second
side the openiugs or dranght-holes are stopped by Lricks, ¢ ¢ (Fig. 3), the holes on the first side being left open, as at ¢ (Fig. 1). Thekilnis
now lighted by means of sticks of easily inflammable wood introduced into all the openings ¢ on the left. A eurrent of air is established
throngh the transverse chaunels in the coal. After the lapse of six or vight hours the fire will have reached the opposits ends of these
chanuels, when the chimuneys on the left, 4, and the draught-holes on the right, ¢, must be opened, and the chimneys on the right, d, and
the draught-holes on the left, ¢, must be closed. This, however, should only be done when the fire has regularly spread througlt the -
entire extent of the ehannels.  Speeial caro in this respect at the commencement will prevent further trouble afterward. According as
the weather is, sbormy or settled, the direction of the currents of air through the kiln may be clmuged‘*ﬂ'qm avery two tofour hours.
Should the coking Lo found to procoed irregularly, it may be necessary to kkeep open some of the chimneys on one side longer than others,
and, eonseqnently, not to change the divection of all the currents at once. Irregularity in the coking may result either from the quality
of the eoal or negligenee in piling it in the kiln; and in either case the yield will he diminished.

In the management of the process the work of the coke-burner is reduced to keeping open the transverse channels in the coal by
raking out any picces of coal ‘which may fall into them and obstruct the. passage of the air, and by preventing their sides from sintering
together. For this purpose he uses a slender iron rod, somewhat bent at one end. The reopening of a chanuel which has once hecoma
stopped is attended with mueh difficulty, and is gencrally impracticable; and if several neighboring channels are closed, the process is
thereby much impeded. ' In windy weather the draught of air throngh the liiln must be carefully regulated by closing, in a greater or less
degree; tho chimneys. Any eracks which may oceur during the process in the covering on the top of the coal must he well stapped in
order to prevent the ascent of currents through them. The proper regulation of the dranghts through the kiln has an important inflnence
upon the quality as well as the yield of colce. ‘ i :

In about eight days the process will be completed, as may bho known by theeseape of white Hame from the ehimneys and the hardness
which is perceived on plunging an iron rod through the cover on the top. All the openings must now be closed, and in the course of two

e

.
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days afterward the fire will have become gradnally extingnished, One of the end walls is now taken down and the coke removed. The
coke at the Height of the chanuels will be separated into two distined layerd; that in the upper layer especially is remarkably beauntiful
[#i¢), dense, hard, and when carefully withdrawn is frequently in pieces 3 feet long and 1 foot in diameter. The yield per 7.768 English
cubis feetiof coal ranged from 241,25 to..261.87 pounds avoirdupeis. The loss in Woight s 20 per cent.; of the coal, an.aniount which,
meouhng to the quality of the coal, is often much reduced. ‘ Loty e .

The theor v of coking by this method is perfectly mtelthb]e The coal surrounding the transverse channels
is ignited and. through these are established currents of air. Heat is thus developed partly by the combustion of
the coal in the vicinity of the channels and partly by that of the volatile products arising from its destructive
distillation. The coking will therefore proceed simultaneously upward and.downward. No currents, as has
already been stated, can ascend through the coal above the channels if the kiln be properlv attended to, and
obviously none can descend from above consequently, the air which sustains combustion can only enter the kiln
through the lateral draught-holes. At the conclusion of the process an accumulation of tarry matter always
occurs immediately under the coal at the top of the kiln, which would further tend to prevent the descent of .air
from above as well as the ascent of currents from below; zmd it is there that the most solid coke is produced.

In Sounth Wales and in other distriets kilns of this kind have been erected of not less than 15 feet in w1dth
from wall to wall, measured within. - The transverse: channels have been made by suitably piling lumps of coal
without the use of poles. When the coal is of different sizes, it is advantageous, according to Mr. Rogers, to place
the smaller pieces toward the top of the mass. . In these. lalger kilns the mass becomes well ignited in from 24 fo
36 hours. Durin g the process the workman walls on the top of the. coal, and from time to time he thrusts through
different parts of the surface an iron bar, which is easily pushed down uutll it reaches the mass of coke, and. in this
way the height towhich the coking process has reached is satisfactorily agcertained. If hefinds it to have prog gressed
higheriat-one part than at another, he closes the chimney commumcatmg with that part, and so retards the process
there. ' 'When the mass has been coked up to the top, which takes place in about seven days, it is. quenched with
water, and the coke is withdrawn in the manner already descmbed

Mr Rogers writes to Dr. Percy as follows -

Tho new kilns Lave proved entirely successful; they are already in use ‘Lt some of the lmgest iron works in the ngdom, ‘and zuo
Deing erected at a number of other “orlﬁ, The great saving in the first cost of oven, economy in working and mmntenmnco, nu,wnsed
vield, and improved quality of coke, will Drobably soon cause this Mode of coking to sipersede the others now in uae. “I'be kilns are mos
adv:mtaﬂ'eously made, about 14 feot 1A width, 90 feet in lenigth, and 7 feet 6 inches in height, this size of kiln contmmmr ahout 160 tons of
coal. V : . :

Mz, ‘Rogers aSser'ts-that an-outlay in -plant*of-‘on]y'-£4' was 1'equir.o(1 to produoe one, .ton of ‘,ooke_ per day.‘from
the Welsh coals, and. that the costof working does not exceed Gd.per ton.. In some places the coal has been
actually tipped into the kiln from the colliery wagons, and the coke wagons were cmfberwaa d run into the kiln tobe
loaded direct from the mass of coke produced, thus reducing the labor to a mmlmum. * The Lllns need only to, be
built of rough rubble- Work, with a_ plam lining of fire-brick, and without any 1ron Work 50 that. the expense of
repairs amounts only, to &-small sum. = & . I T TN T ST

As to the results from the use of these kilns, Dr. Percy makes the followmg statement e I R LT

In 1859 I visited seveml of the large irem works in' South Wales, where these lkilns had been 'l:ned ad I mquued porhcnlarlv
concerning the results Opuuons or this subject were eertainly not concordant. At the Dowlais jron works they wére crected, and, after
repeated trials, abandoned, - Mr, Menalaus, the manager.of those works, considers them to have been a oomplete f'ulure, zmd 1ni‘omps we
(Jane, 1873) that, after makmg allowance for the water in the coke, the yield wag very bad indéed. ‘

The Ebbw Vale Iron Compzmy 3156 Wddo 4iial of them, and Mr. Adams, the thén ' manager, ‘itiformed ‘mé' that’ thay’ uppear to De
suitable for one kind of coal, but that for their nsual good coal they are wastefnl and éxpensive. - Much' of'the Iafge coal which i 1s usged to
form the fransverse chaunels is Dburned ; away, and, as he quaintly observed, ““You might Tunt badgeis throngh ‘the coke.” = At the
Pontypool Wolks I'inspected ohe of these'kilts fr om-which the'coke had Dbéen' partially drawn, and I remarked that'al good deal of tlie
bo’ﬂ in the vi cmlty of the draught-holes appeated to Tave burned away. Some of these kilns were much h1gher than ¥ had seen elsevrhere.
]pre‘nmants have been mdds ot these works Wlth kllns h&v1ng double 1ows of draught holes on ench mde I)ut I was mformed the result‘
wag unsotlsfaotorv er S Tk , A

: ":THD BDD HIVD OVDN . R L

'l‘he method of eokmg in plles can be used_ 1o advantage ‘only in exceptmnal cases. Where cool is vely cheap
and’ oVen buﬂd;ng inaterialg dre’ expenswe, or in those looah’mes ‘Wwhére the demand for cohe is hght or in cases of a‘
]arge 1norea 811, demond at hlgh prices, especmlly if thls moreqse promlses to be tempomry, «coke can he. bumed
to advantage in heaps; but under ordinary. olrcumsta,noeb of manufacture and. condition of the market it.is too
wasteful of .coal; requires too mueh:care in- management -and-the -produet is too nncertainiin quality and variable
in deunsity to make this method economieal or desirable. It ‘therefore’ happens that ay-the demand for- coke,
inereases and becomes ;'easonably certain the ]ong’ p1le gwes place t0 ‘the open kiln and ‘the cncular mound or
heap to the bee hwe oven, Whlch s ewdently such 2 mouud or hewp wlth o, pelmanent covermg 0 (-ﬁre bnok
1nstead, of a, temporzuy one.of, slztck and clay.or wetted coke dust TN y :
v [The -earliest form :of the closed kiln-or oven is the:*bee-hive ” ; 80 na,med irom 11:3 general resembhnce to thu
)ld. fashioned comcal—sha.ped bee-hive. This is a flat-bottomed, vau]ted chamber of ‘five: brick 'or other refractory
ma,tenal Wlth an openmg in the top or orown, through Whmh the oven 1s charged aﬂ d WhlGh al f serves as an
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outlet: for' the waste produetd o comibustion, wWhileran Spening b islightly-arched-doorway- i the side at the hettom
serves as an inlet for the air necessary for combustion, and also for drawing the coke. In the process of eoking
this opening i eitherbuiltny with bricks; or:a door.with a.frame-work of - ivon flled. in awith. five-brigk is used, the
:frmn*em'fdrk- béing-eithier binged orrhised by & ehnin passing over apulley with a counterpoise weight at the other
ghidl, or"d pair of ‘hinged dosis inaly be uged] Thiks ovens' are ot usually built geparate, but in long” banks; and
sometimes in hlocks of two banks, back to back, with the spaces between the ovens filled in ‘with 'some material
that retains the heat, generally in this eountry loan, thereby preventing’ radiation of the heat left in the walls,
Tbeping thier 4t a more even temperature, and fhillitating the eoking progess. R

AR PLAN OF QOKE OVENS NEAR"N'EWCASTLE;fUPQN-TYNE.?? R
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The earliest recorded use of coke ovens is in 1763, in Newcastle, England. M. Jars, in a work published in
1774, says:

There are nine kilns at Neweastle, upon the edge of the river, to destroy the sulphur contained in the coal and reduce it to what is
cplled “cinders and coaks”. The principal use of the cinders is to heat the malting-kilns; it is also used by a silversmith. Ihave scen
a mannscript upon ““the art of working coal-mines?, in which the first attempts in this manunfacture were given as of very anciant date,
being made in England. (a)

The eut on page 87 shows the plan of these ovens as figured by M. Jars.

Horne's statement regarding the use of coke ovens near London (see page 54) is of about the same date as this
of M. Jars.

From this time quite frequent notices of the use of ovens are found. About A.D. 1800 coke ovens were
found on the outerops of the Brockwell coal-seams, at various pits in the southern part.of the county of Durham,
the coke being used for breweries and founderies. Parkes, in his Chemical Catechism, published early in the present
century, describes ovens of this kind which were used at the Duke of Norfolk’s colliery, near Sheffield. e
describes each oven as a cireular building, 10 feet in inside diameter, with a floor of common brick, set edgewise.
The wall, which was 18 inchesthick, rose perpendicularly 19 inches above the floor, and was surmounted by a conical
roof, of which the apex within was 22 inches above the floor, the entire height from the floor to the top of the
arch, outside measure, being 5 feet, and the floor was raised 3 feet above the ground, in order that a wheelbarrow
or low wagon might be placed under the doorway to receive the coke as it was raked from the oven. After this
notices of the use of ovens are so frequent as not to require mention.

Experience has shown this form of oven to be so well adapted to coking those coals that have furnished most
of the Xnglish coke that the bee-hive oven, with the exception of the Welsh oven, which is either a modified bee-
hive oran inclosed rectangular open kiln, was for many years, and until quite racently, the only one used in England.
Latterly, however, Belgian ovens of various forms, especially the Coppée, are coming into some favor, though
- the bee-hive is still the one chiefly used.

In this country, as will be seen by the statistical tables, the oven almost universally in use is the bee-hive,
though the Belgian also is meeting with some favor. The bee-hive ovens, as built in the Connellsville and
Allegheny Mountain regions, differ but little in size at the different works, being from 11 to 12 feet in inside
diameter and from 5 to 6 feet in height from the floor to the crown of the roof. The floor is slightly inclined to the
front, The method of construeting an oven in the Allegheny Mountain region and its relation to wharf and traclks .
are shown in the accompanying sketeh of the ovens built by Mr. John Fulton, of the Cambrisw Iron Company, at
their Bennington coke works. (d)

These ovens are cireular, the diameter being 11 feet 6 inches, and are 6 feet high from the level of the floor
“to the erown of the dome, the charge filling the oven as far as the dotted line in the left completed oven. The
radius of the dome, which is built up on centers, as the right-band oven shows, is 6 feet 10 inches, the diameter of
the charging-lhole being 1 foot.

The Bennington coke ovens are placed in a doublerow, inclosed between two strong retaining-walls of sandstone
masonry, Between these walls, and up to level of the floors of the ovens, the space is carefully filled and compactly

.rammed with clay and leam, constructed in horizontal layers of 12 inches each, Uunder all an ample drain is laid
longitudinally under the bank of the oven. The ovens are founded on this thoroughly-packed filling, having a fall
in their floors toward the doors of 6 inches to each, The order of the work of construction consists of fonr
consecutive operations :

- The setting up on front walls of the iron door-frames, with the necessary anchors built up with the shaped
J'Hnb brlch

. The bmldlno of the vertical circnlar section to the springing of arch or dome, the ecircular line of oven
bemn' preserved by a wooden sweep pivoted on pin in center of oven.

3. The laying of the 3-inch floor-tiles and the erection of the wooden centers to build dome of ovens. These
wooden ceuters consist of seven sections, made of boards and laths, which are shaped and fit together like the
sections of an orange when cut by a plane at right angles to its stem-line, - These sections are supported at the
base by small benches, easily adjustable, and are supported under the crown by a single post, capped by a circular
collar, and are made of a size to be easily taken out through the oven doors.

The fourth operation consists in building the dome, which is completed by wedging in carefully and firmly
the annular charging-ring, which becomes a keystone of the arch as well as the charging-hole of the oven.

The filling in around ovens or backing should follow the progress of the brick-work as closely as possible, the
material, clay and loam, being laid down in horizontal layers of 12 inches deep, and carefully rammed. The track on
the top of the ovens is laid with iron tie-pieces, and has a gauge of 6 feet, to allow space for lorrie containing 5 tons
of coal. 'The water for quenching the coal is supplied by 3-inch cast-iron pipes, With taps and hose between the ovens.

a I quote from & paper by Mr. A. L. Steavenson, published in the North of England Institute of Mining Engineers’ Transactions, vol, viii,
1860, pages 111, 112,

b These dmwmgs are taken from the Report of the Bureaw of Statistics of the State of Pennay lecmw for 1877 and 1878.
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As showing the style of these ovens, as well as the general plan of a coke works in the Connellsville region,
I have given the accompanying cuts, representing the works of the Morewood Coke Company, limited, one of the
latest and best built coke works in that section. The method of operating these ovens in the Connellsville region
is quite simple, and may be taken as the usual practice in this country. The ceal is generally brought to the oven
in lorries holding each a full charge, 125 bushels, for 48-hour furnace coke. The lorrie is run to the charging-
hole on a railroad over the top of the oven, and the coal is dumped through the hole in the crown of the roof and
carefully leveled by means of along iron hook inserted intothe door. This door is bricked up and plastered or daubed,
except some small interstices at the top, so as to admit only sufficient air above the coal to earry on eombustion.
The heat which the oven acquired in the preceding operation is always sufficient to ignite the new charge, combustion
being carried on by the entrance of the air through the doorway, and the coal soon begins to emit aqueous and
sulphurous vapors, followed by a thick, black smoke and reddish fame all around the sides. At this stage of the
process the gases are particularly offensive. The heat of the oven at this time is a low red. In a few hours the mass
of burning coal cracks downward, enabling the volatile matter below the surface to pass off, and by its ignition to
generate additional heat for carrying on the process. In about 12 hiours a clear, bright flame prevails over the entire
surface, which increases almost to a white heat. Basaltiform colunns are formed, which allow the gases to rise as
the heat ascends. TFinally the clear, bright flame dies off gradually, and the coke becomes a glowing red mass.
Now the sooner the oven is quenched and drawn the Letter, for the coke will continue to take up air in spite of
every precaution, and the red-hot coke will waste, lose heat, and become inferior as a fuel.

A description of the coking process in bee-hive ovens in the Durbam region is thus given by Mr. Meade:

When the oven is vefilled with a proper charge, the coal is fired at the surface by the radiated heat from the roof, enough air being

_admitted to consume the gases given off by the coal, and thus a high temperature is maintained in the roof of the oven. The coal is by
this means melted, and those portions of it whieh, under the influence of a high temperature, can of themselves form gaseous compounds,
are given off, forming at the moment of their liberation small bubbles, or cells, The coke now left is quite safs from waste, unless 2
farther supply of air is allowed to have access to it. At this stage of the process the coke assumes a pentagonal form and columnar
structure. When the coke is left exposed to heat for some time after it is formed it becomes harder and works better, from being less
liable to crush in the furnace or to decrepitate on exposure to tho blast.

In England the coke was formerly drawn from the bee-hive oven in a heated state and afterward cooled by
water thrown on with buckets ontside, but this method has been discontinued, and the coke is cooled inside of the
oven by water thrown upon it, either from bucekets or with a pipe and hose. ' The only drawback to the method of
quenching is that the oven is cooled by the contact of the water with the hot Dbricks. It is generally helieved,
however, that coke cooled inside of the oven absorbs less water than when cooled 0uts1de. The guenching

:auses the coke to separate or erack open and facilitates the drawing.

In drawing the coke from the oven the usual plan is to pull it out, piece by piece, with long bars of iron
turned up at the end, similar to a large poker or hook. This method is the only one that ecan be used in the
ordinary Lee hive oven. Other methods of discharging by what are termed “drags” ave used in modified forms of
the bee-hive oven and in the Belgian oven.

It will be noted that the cokm g process is esgeintially & process of distillation, the oven being the retort, the
heat in the bee-hive oven necessary for volatilization after it is once heated being derived from the burning of the
volatile products, and the heat remaining in the walls of the oven instead of being applied from the outside, Some
of the heat is at the expeunse of the carbon of the coal, as it is impossible to prevent the destruction of a portion
of the carbon Ly the admission of the air necessary for combustion, though it is avoided as much as possible. The
combustion is maintained over the top of the coal, and the coking or distillation proeeeds in the bee-hive oven
devwnward from the top, and also slightly inward from the sides, the current of inflammable gas and vapor arising
through the coal and meeting the air admitted through the doors above the burning in what may be called the
# combustion chamber?, until the lowest stratum is converted into coke. It is evident that air should be admitted
only over the top, as, if the air enters below or through the coal, coming in contact with it when hot, & portion
will be consumed, and the coking will not be effected exclusively by the heat resulting from the combustion of the
volatile products, as it should be, but largely at the expense of the coke, which should be avoided.

As has already been noted, considerations of economy in various directions have led to many changes and
improvements in the construction of coke ovens, and it is impossible to describe the numerous forms that these
improvements have taken. They seem to have had for their object, first, the more rapid discharging of the ovens;

. second, the avoidance of the rapid cooh’ng of the oven Dy watering the coke inside the oven; third, the ntilization
of the heat in the escaping gases by passing them through flues, where they arve burned ; and f0u1th the exclusion
of air from the coking chamber, the heat necessary for coking belng applied from the Olltblde of the oven.

In providing for the more rapid discharging of the oven and the cooling of the coke outside, chiefly for the
purpose of greater ease of handling, and to prevent cooling, the oven assumed the rectangular shape, and one of
the best of these forms, which may perhaps also be regarded, not as a development of the bee-hive oven, but as
a rectangular kiln, closed in at the top, is known as the ** old Welsh oven”. This is simply a rectangular chamber,
7 by 12 feet, with an arched roof 6 feet high. As generally built, they are set in rows, back to back, with one
chimney to each pair to carry off the gases, the length of the oven requiring a greater draughb than a vent-hole .
would supply. A fiue from the roof of the oven about one-third way from the back wall leading into the chimney
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awholé front-of this oven isanovable;sand. the cokeis drawh by means of a “drag?”.
This drag hasvariousforms, but is'essentially’ a-strong: piece of flat iron laid aeross the back of the oven 1.)11101‘ tosthe
charging, having attached to it at right angles a rod of iron gufficiéntly long to extend: beyoud the _h‘ont. +The
protruding end is attached to a chain, operated either by a. windlass worked by hand or by a small en:gme, and the
whole mass of coke is drawn at-once. .-In some ovens onlythe transverse piece of the drag is left intheoven during
coking, the rod ot iron being inserted after the process is completed through a gutter leéft in the middle '0‘1“ the fioor
the end of the rod being shaped something like a fish-liook barb. This rod is pushed in with the'bent-up part or,
Darh fatwise until the end passes under and behind the drag, when the-rod is turned, the barb catches onthe drag,
and the coke s drawn ont in one mass. Sometimes the transverse piece or-drag is :a-ghort lengtli of an ordinaty
rail; sometimes, also, instead of ‘a single piece of iron attached to the center, which might bend the drag or
transverse piece in drawing, tworods, attached near the ends and brought together outside'of the oven, are used.

This. Welsh oven seems to be preferred in many parts of Great Brifain either to the Dee-hive ‘oven:or-to the
recent forms of the Belgian oven, as beiug easily managed and yielding a homogeneous and: well-burned coke.
Semetimes these rectangular ovens, and also the bee-hive ovens; have bottom flues, through ‘whieli the eseaping
gases pass to ues rupning between the two banks of ovens placed baclk to back.” In this way a’ portion ol the
waste heat is utilized for keeping up the heat. - In other cases theheat.so escaping passes into flues between the
two bavks of ovens, where the heatis utilized in raising steam for boilers,  Such a method is shown in the
aceompanying drawings of the ovens at the Browney colliery, in the Durham region, Tingland. -These ovens will
alsp show the size and general appearance of the Durham bee-hive ovens. <o oo o0 ~

These ovens are in double rows, bick to baek, as usual, but the flues between are much larger, averaging 64 feot
in height and 8 feet ¢ inches in width. To each chimney of 106: feet in height aie connected about 100 ovens, an
equal number 6i each side, and the flues and boilers, four in niumber, are s0 arranged that the heat can beo carried
past when c¢leaning or repairs are requisite, the small connecting flues being built as compact, and tight as possible,
and thus the remarkable freedom from smoke seems owing to the air-tight and perfecet character of the flues, the small
amount of surplns air present not cooling the gases to a point below which ‘the hydrocarbons es-ape imperfectly
burnt. This has been tested by admitting a large surplus of' air, wheu smolke was immediately evident,.. -

No coal whatever is used for boiler purposes at. these works, and: the product:of the: pit at the colliory where
these ovens are situated is drawn from a depth of 100 fathoms, and the water pumped, whereas before this. system
was adopted 600 tons of coal per fortnight was the amount virtnally wasted. = At anothexr colliery belon ging to the
same firm, and where the small coal is valuable for.coking purposes, the advantages of the system described ara
equally evideut. TS U T PO S P S TP

- As to the economies in the use of ovens of the.Browney type and arrangement, Mr. A. L. S{eavenson, in a
paper read before the British Iron and Steel Institute (Journal, 1877, page 406 et seq.), makes the following
calculation and statement, which contains many important facts that are not. generally known to coke-m akers: .

Iu order to ascertain the amount of heat available for evaporative purposes, the first step was to measuro:the volumd and
temperature of the gases passing to one pair of boilers from 50 coke ovens at the rate of 230 tons of coal in 84 hours. . The temporature
was found to bs 1,500° F. The yvolume, measured by taking the velocity of the ecurrent in a given length of the flue, was ascertained
by introducing sodfum ab one point and noting the time required to gffect a flame, made by putting a little coal into the flue,
spectroscopically at anotlier, to e 1,187 feet pet minute, which, multiplied into the aréa of the flne, 24’ square feet ==28;488 cubie feet
per minute. This exceeds by 4,005 cubic faet the theoretieal quantity.of the gases, supposing that only just suffisient atmosphoric: wir'is
admitted to effect the complete combustion of the knpwn weight of materiallost in coking: 230-tons of. ¢pal; and this 4,005 aubio: Toel
represents roughly the upayoidable excess of airused in coking, and the presence of which wak evident by the ease with whiel n picce

of charcoal burned when loweredinto the flue. .

conveys the gases to-it. Th

"

The theoretical quantity above referred to was. ‘th:ﬁs obtamed 230130118 of cé@l of th‘é‘ fdlloWipg , apploxunate
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BROWNEY COLLIERY.

ARRANGEMENT OF COKE-OVENS, BOILERS, CHIMNEY, &C.
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“To!'eomplete thecombitstion of thess*into €O, Hg() F and S0, aré required:1,023.4 tons of am, malking o total
W'élght‘ of i wagte ghges 0P b tons, of which 7903 tons are nitrogén, 229.5 tons carbonic-acid,; 92.8 tons: steam,
aiidl 2.8 tohs stlphurobs aoul ‘whieh} at & teinporature of "1,6009 Ty will 'occupy-a space-of 123; 399 000:-cubie-feet
and since the colzmg of:230 tohs of coal occupws, on'an avemge, 84 hours, we/ h;we 24, 483 cublc feat jper mmuﬁe, or
4 OOo vubié feet leys'than the:observed: quzmtlty ooy R Hes IR o t B

Next, ag to the eat commonly wrastéd: Wehave 1 115 4: tons of mlxed gases, ata temperature of 1 5000 T '
whieh, if thiey could be reduced to the tempemture of tho a*mosphere (sav, 6008 I‘ ) Would Irave the following: heatmg
value'i m tony of I—LO Ia,ised ]_014 g bt el SR s el sl e e i s e

R I O P R RTINS DR NT :,“.H,r>,;§: ST bt i Do J.‘meemture -Peg,, ol O 24

SRS O T SR SRRE TSN USRI R [+ i XE Y41 440 xO 244 247,680 .
cee 209,56 X1, 440X 0. 216.=2 - 71,884 .. .,
;T beeemre e e mienic vernagre e e megan e . 02.8x 1,440 x0.475= 63,475 . . .
70 N et e e e e e e e e e vt v _2‘3);14.402;,0 100-—’. 625'_
. e B S S U SRY . 14131064,
Whlch is: eqmvalent to evapomtmg 415 tons of water ai; 2120 I‘ But owing to the faot that the tempemtme of the
gases was only reddeed: 750° T instead of 1,4400:T., the above: qu&nmty is reduced.to about.one-lialf; or 216.1 tons,
evaporated in 84 houws,-or 2.6 tonkin one hour. Tliis was tested in an actual experiment (on the o boilers supplied
with the gasesfrom 50 ovens, eoking 230 ‘tons in 81 lours ) ‘the qumltlty evaporated in-one- hour bemg 2.4 tons, an
approxnndtlon quite as:close as.can be.expeected. G S AR S TE S8 TOTDN RIS RIS B B PR e
’l‘ho total xtheoretlcml heat qctuallv developed in- the proeess of coluno at the: above mte is: equwa]ent to

L Coa S ATeS i Fae WA Rmbbies e .,-»..-...;.,-.-...--.-..

Tuons,
2.40

. 254
12,0670 T

17,00

Thus, even in ’rho plan dewcnbed but'a smu]l pelcentmrro of the total Teat’ genembed in 'the oveus is ntilized,
although if this even was’ oamlcd ont thloughout the district of South Dmha,m where incolliery boilers niot inore
than 6 p()ﬂl'ldb of W"Ltel‘ on’ ai avemn e Are ov’lporated per 1 pound of coals, we should* have a saving ‘of 1,085,369
tons of coal per annuui, or & monoy value of £271467. Bt thiis by no means reprcsults the total saving to the
colliery owners, as foremen- are enfirely zwmdod Wlth the emeptlon ‘of one'man on'each Shlft to'attend the boilers; .
so thit the total economy Wluoh would bc eftocted Wer the svstem genemlly 1dopted in the countw, Would be
f1111§ ;C.)OO 00() 1)(31‘ annum. pttet e B

T mn BELGIAN OR I‘LUE OVLN o

Under tho g onm al ter “Bclgmn ovenq " 1s 1ucluded a number of forms of coke ovens, not all of whmh howew er,
are of Belomn invention, which have ce ‘tam pomts of 1'esomblance, bnt aIl dlﬁ'onng from tho bee hlvo 01 sohd
wall ovens in two, or possibly three, parhculars
o .. Ticsp. Tn the exclusion of air from the coking- chdmbor, the hea,t necessary to cokmg bemg apphed from the
_outalde. : . .

’ Scoond In the utﬂuatlon of the W'Lsto hef\t r111(1 waste aseb 0 famhtato the process of cokwg. '

.+ - Third.. m ’oho more. mpld dlschargmg or dra awing of the ovens. and m coolmg t'he ooLe on the outsade, thewby
savmg lctbor and 1eduem g the loss of heat in (hanvmg and coohng - -
' (Jokmg in ovens on the Belgmn plan is of the n&ture of dlstﬂlatlon in w close vessel or. retmt the process
proeeuhng at the same time from the sides, bottom, and top . 111W'u‘d ‘toward the cen’cu of the mass, tho 'heat for
distillation Deing g applied from withont and being supphed by- the combustion’ in flues of the Waste gases
su])plomonted by the heat retained in the walls. Theoretically this should gwe all the carbon m the coal
pmctlcallv,thele iy some waste, but much. leb% th'm in the bee-hive. =
L (Joklng in bee luve ovens iy from the top downward gladua.lly through bhe mass, the hea.t ueces 4Lr3 to expel
the gases being sapplied partly by the heat in the walls and the burning of the esmpmg g‘Lses in me cokmn ch 'unber
ghove the coal and partly at the expense of the carbon of the coal. The cdke is cooled ins , i
by throwing Wﬂ:t(;)l upon it before dmwmg, thereby cooling the oven also In the Belgmn ovon, almost w1thout
: oxceptlon, tho cohe is first; drawn out and then cooled, the oven losing but huale heat in dmmm g, Y

Lt will be seen, thcretore, ‘oha,t conbld(,uno only the yield of coal in (,oke, theoretlmlly the Belgmn 1)1,111 is the
botter, as.it should give more coke to a given weight of coal than the bee hive oven The practlce 1s found to agree
Wlth the them Y, the, yield of coal in coke in the Be luifm oven being gre ater. tha.n in iho Dbee-hive. Yi eld howover
is not (,oucluswe as to the oconomw value of _colke, and in deciding which i the better plan, the’ ongmal cost of
the oven and- expense for repairs, as well ns the character of the coke produoed should be ('onsulered “Which is
the better oven, fof mmkmg a fuel for blabt fm nace purposes 15 dlscmsed in fmothel phce

'
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To attempt even a brief description of the various forms of the Belgian oven would far exceed the limifs of
this rveport. The three that have been selected for description (the Dulait, the Coppée, and the Appolt) are
regarded as presenting the most important prineiples of construction and as being of the most practical importance
to the coke manufacturer. These are all flue ovens, but differ in shape and in the location and arrangement
of the flnes. In all of them the air is excluded as far as possible from the coking chamber, and the volatile matter
is expelled from the coal by heat applied outside the walls of the coking chamber, the coke being discharged
from the ovens before cooling. It should also be noted that the discharging of these ovens, which is by mechanical
means, is facilitated by building them not quite rectangular in form, but with the walls slightly diverging, and, in
the case of those which are horizontal, the bottom slightly sloping downward toward the front.

The Dulait ovens are horizontal, long, and narrow, and are heated by the combustion of their volatile
produets in horizoutal flues placed in the sides and bottom, numerous jets of heated air being supplied to the gases
in their passage through the flues. They are built in pairs, one oven heating the adjoining one. This division into
couples also exists in the Coppée system. ’

As generally constructed, these ovens are 7 meters (@) long, 0.75 wmeter wide, varying somewhat, however,
according to the quality of the coal, and 1.15 meters high to the base of the arch, the arch being 0.10 meter in
height. The inecline of the bottom of the oven to the front is 0.02 meter to the meter. To prevent waste of
heat and the penetration of air the oven is furnished with double doors, the outer one, which is on a plane with
the front, being of sheet-iron 0.005 meter thick, and the inner one, which is 0.30 meter from the first, of cast-iron.
The space occupied by the coal is thus reduced to 6 meters. The ovens are charged through hoppers closed both
at the top and bottom, the lower part being shut by a cast-iron slab cemented with clay in the brick-work, while
the upper opening is closed by a cover, the edges of which rest in a channel filled with powdered coal.

The flame from the coking chamber of one oven passes out and descends directly below the bottom of the
other member of the pair, where it is divided into four currents, which flow in Dbetween the partition walls, and
after traversing every flue reach the chimney. To supply the air necessary for the combustion of these produets
one of the walls of the flues through which the gases pass is built of two rows of hollow bricks, superposed.
These bricks have a section of 0.10 by 0.12 meter, and avepierced by a longitudinal hole 0.05 meter in diameter, in
sueh a manuer that by their juxtaposition they form two superimposed channels as long as the whole flue. The
lower channel is open at the front of the oveun and closed at the other extremity, where it rises in order to
communicate with the upper parallel channel. This is pierced by holes 0.008 meter in diameter, placed at a
distance of 1 decimeter from each other, and opening into theflues in which the combustible gases are circulating.
By this arrangement the external air taken in by the draught peuetrates into the lower channel, where it becomes
heated, and, reaching the upper passage, is projected across the stream divided into innuwmerable streamlets,
which increase the surface of contact, thus effecting perfect combustion and producing the highest possible degree
of temperature, so that the gases are in this way fully utilized. As a result, if the coal is of the right quality,
the combustible gases are produced in sufficient quantity to secure a complete distillation of the coal and the
regular and continious heating of the whole of the apparatus. This system does away with the necessity for
providing openings into the coking chamber for the admittance of air or secures a theoretical absence of draught,
limited only by the care with which the clay has been applied to the doors. ; ‘ o

The Dulait is a very hot oven, somewhat expensive in its first cost, bat requiring only slight repairs, works
large charges, and gives a yield nearly equal to the theoretical maximum. It requires, however, constant and
careful attention to secure the best results. The charge of coal is from 5,000 to 10,500 pounds, about 7,000 being
the average. With the medium or lighter charge the time of coking is 24 to 30 hours, with the heavier 48 hours.
The yield as compared with the Smet oven, which it has in some cases superseded, is much greater. Coal that in
the Smet oven yielded 71 per cent. yields in the Dulait 79.17 per cent. of large and 1.75 per cent. of small coke,
or 80.92 per cent. The cost in Belgium in 1873 for a Dulait oven to produce 5,300 pounds of coke every 24 hours
was 2,700 francs. (b)) In that year there were 1,100 of these ovens in Belgium and 700 in France, Prussia, and
Austria. ‘ ‘

The Coppée oven is designed for coking ounly finely-divided coal. It resembles the Dulait oven in being
horizontal, long, and narrow, but its side flues arve vertical, instead of horizontal, as in the Dulait and Smet -ovens,
and the methods of supplying air for the combustion of the waste gases, as well as of firing and utilizing the waste -
hieat, are improvements on the Dulait and Smet.

As generally built, the Coppée ovens are in banks or batches of thirty, arranged in groups of two each, one oven
of each pair being charged when the contents of the other ave half eoked, and vice versa. Connected with each oven
of a pair are a number of vertical flues, or chambers, throngh which the volatile products from both ovens are
conveyed downward to a horizontal flue under one of them. After passing under this oven to its end, the gases

_ return by a similar flue under the other and enter a c¢hannel running at right angles to the ovens and under

them, passing from this channel either directly into a chimney or carried under boilers and used to generate
steam. Air is supplied to these vertical flues in the sides by a smaller vertical flue, one or two to each oven,

‘@ The moter is 39.370% inches. .
b Journdl of Iro ¢ and Steel Institute, No 2, 1373, pacge 345, from which the details of cost and yield are taken,
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connected with the top near the center charging-hole, the air becoming heated while passing through the flue.
The ovens are charged from the top through three hoppers, and are drawn by means of a mechanical ram propelled
by a cogged driving-wheel, worked by a small portable engine. At each end of the oven are two iron doors
moving on hinges and fixed securely in metal frameés, the lower 3 feet high, the upper 1 foot. The usaal
dimensions of the ovens are 26 feet 6 inches long, about 19 inches broad at the back and 17 at the front, and 4 feet
high. Ovens of this size ave charged every 24 hours; others, arranged to be charged every 48 hours, are 5 feet 7
inches high and 5 feet broad. The thickness of the brick-work between is 13.2 inches. (a)

The accompanying drawing will give an idea of this oven.

The operation of the ram used in dlsuha,rgmg the oven by pushing will be readily seen from an mspectlon of
the drawing.

In working the ovens it is necessary first to heat them thoroughly, which is done by lighting fires of coal at
the end of every oven close to the doors. When sufficiently liot, the first few charges of coal are in small lnnps,
the coke produced being of an inferior quality ; but in a few days the ovens become so thoronghly hot that crushed
coal of the consistency of very coarse meal is used, it being wasbed, if necessary, to remove impurities.

As has already been stated, one oven of the pair is charged when the coking in the other is about half completed.
When ready to charge, the previous charge not having yet been withdrawn, the front and back doors are opened,
and the mass of coke pushed out by a ram. The ram is then gquickly withdrawn, and the two lower doors are closed.
The oven is charged through the three hoppers or openings, and the coal is leveled, by means of rakes, by two men
working through the upper doors at each end. The doors are then closed and carefully lated, and carbonization
commences immediately. The processes of emptying and refilling the ovens need not oceupy wmore than eight
minutes. The coke is quenched immediately npon being withdrawn. Six charges are coked in each oveh per week,
each charge yielding about 2 fons of coke.

Regarding the yield of the coal in coke it is elaimed that within 2 per cent. of the theoretical yield is obtained.
Mr. B. Windsor Richards stated to Mr. Percy that at the Tbbw Vale iron works(d) 13,400 tons of coal (containing
nearly 20 per cent. of shale) were sent to the washing-machine, and that 8,400 tons of eoke were obtained, which is
equal to 4 yield of 62.7 per cent. of the unwashed coal. If the washing process be effective in removing the shale,
the yield of the washed coal must be considerably greater. Mr. Richards, however, found as much as G per cent.
of water in the coke—a point of considerable importance in estimating the yield—thé large quantity of water being
due to the fact that the coke iy quenched outside the oven, and to the want of sufficient care in performing this
operation. A series of determinations, recently obtained from Bolckow, Vaughan & Co., limited, of Middlesborough,
of the quantity of water in coke made in bee-hive ovens at their Newfield collieries and quenched inside the ovens,
gave an average of only 0.8 per cent.

At Ebbw Vale, where there is a bank of these ovens, the work of coking is let to a contractor, who commences by
filling the trams from the bin conteumng the crushed coal and he finds all the labor for filling the ovens, discharging
their contents (inclusive of working the coke-ram), and loadmg the coke into trams, for one shilling per ton of
coke. The additional cost of ernghing the coal in a disintegrator must be borne in mind.

In France, in 1878, the cost of making a hundred-weight of coke was about 28 cents, with 20 cents p(,r ton for
repairs and incidental expenses.

On page 99 will be found a statement made by Mr. Bainbridge, of the Duke of Norfoll’s colliery, regarding
the work of the Coppée oven. The advantages claimed for this oven by its inventors are rapidity of coking,
largely increased yield, and better coke, It is further recommended by them on the ground that-—

Bome qualities of coal which are not sufficiently bituminous te coke in the old oven (or bee-hive) make good coke when burnt
in the Coppée ovens; that there is a slight saving of labor by the Coppée system, and that the waste gases of the oven may he
utilized for the raising of steam without involving extra expense in the construction.

It may be questioned whether a coal which eannot be coked in a bee-hive oven will make good coke in 2
Coppée oven. Coke can be made from such inferior coals in the Coppée, but it will be inferior coke. The occasion
of the invention of the Belgian oven was to utilize these inferior coking coals, to malke it possible to coke them ; but
it is evident that no oven treatment can supply the lacking ehemical elements demanded in making good coke.

In 1873 there were in operation in Belginm 524 Coppée ovens, and 192 were in course of ereetion, In Prussia
305 were at work and 138 building ; in France 186 at work, and in England 30 at work and 30 building. According
to Professor Jordan the cost of each oven is from $300 to $350 in France (2,500 to 2,750 francs). (¢)

Though not strietly a flue oven, being more of the nature of a retort entirely surrounded by flame, the Appolt
oven is very properly treated m connection with the Belgian ovens, as it may be regarded as surrcunded by one
large flue.

The Appolt oven dlﬁers materially from those previously described. It is upright instead of horizontal, and
the coke is discharged from the bottom by gravity, instead of being pushed out by a ram.. The method of supplying
air for the combustion of the waste gas is also theoretically more perfect than in either of the other systems.

a A full description, with WOfking draswings of this oven, may be found in Perey’s Metallurgy : Fuel, London, 1875,

b Percy’s Metallurgy: Fuel, page 684.
¢ Album to Course of Lectures on Metallurgy, by 8. Jordan, C, B, (London, 1878), page 20,
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This, oven consists of @ series of npright, rectangular retorts, the longer sides of the tectangle being oo threo

simes the length of the shorter. .The retort is.also, wider at the, bottom than.ab the t??i}i”»ﬁ‘{» mmhtla’mzhftiii?}:ﬁﬁ?
s coke. os¢ in. oroups .of 12, 18, or 24, as the case may, be, are inclosed In &, arge rectang ,
of the coke. Theso reforts, In STOups ph.-= % G~ 7 i ‘being . surrounded on all sides by

iek cha r, which may be termed. the combustion. chamber,; the. retorts, : ( ‘ ‘
Egislf)a(;lé:ﬁ%ss,ewspaces'bz'mg in -communication,.and the walls which form the sides of t,.llc‘r?ml‘ts “0’-‘.11‘%0".1%@1
together by solid .blocks of fire-brick.: . «Bvetween‘qu;evgﬁre-bric’k,;yalls of the combustion chamber ‘an‘(l ;a‘p, ouw S,’{?-‘ 1? \
brick wall is a space filled loosely with some powdered substance, as sand o other ba@lgomhmtox of .1.118*:3:,(\\71\%(.”“
allows a certain degree of expansion and contraction of the fire-brick wall of the ‘Qomvhuﬂfim}l Qh‘@n}bgr "\IYIL]‘IEII}}.? 5?1:11(?
combnstion chamber for a.group of 12 retorts wwould be about 17 v_fe@t,,’.;l‘qng.,,by, 11, feat, 6 111q1,1e§ wide and 13 j,(g@},
bigh. The retorts are about 4 feet long and 1 foot 6 inches wide at the base, and 3 feet 8 inches long &1\1}(1'.13‘1
inches wide at.the npper part; the walls being aboub, 43 inehes, thick, ,;The disfanca pe{owegm the corresponding
twalls of the neighboring retorts varies from:73:to 93 inches. (@) . The ovens. are placed dn bW, rows, b‘&wk tojmgk,
the bettoms being provided with. cast-iron,doozs, strengthened by, trangverse bars of wrought-iron., The 1’“’}!"’“!“??%
walls of each.chamber, at a distance of from 16 inches to, 2 feet from. the base, are fraversed, by two, TOWS of smpdl,
horizontal openingé H% inches long and about 3% inehes ‘high, 9 on.each wide and 3 on. ,gach,;x1&14'rg\\/; \a‘?‘;‘,dg. ., At the
upper part there are three similar openings on each wide side ouly. - Through the_selop(‘uungs,ﬂ.m volatile produety
evolved during the.coking of the coal pass; into the. surronnding ,open Spages of the, c;ombnsmqg; chamber, l)yhe.rgs
they are burned by atmosplherie air admitted.through holes in.the wide sides of the onter wall.of the pven.., Iu the
wide side walls are the flues swhich receiwe.the products of cpmbustion from the, fues. ;surx;q@ndi;;g‘k tho spaces and
convey them to the chimneys: ' There are. twelve vertical flues in all,.thyee helow and three aboye in each of these,
walls. -8 TR PRI IR S T RTE PE LU TMIPER S L YR AP KR i i G e AT
In operating the oven it is first heated with coal, as in the case of the Coppée oyen, until the walls hayve become,
red hot.  After eight or ten days firing the oven will be. found; to. have. attained, .a temperature of frowm. 1,200° to
1,:‘:0(}00;(1)) : e U S SO PR B SR I R R T TE R R E T VSRR T L I B
In order always to insure an equal degree of heat through. fhe-oven, and to simplify the management of the
latter by the dampers and- air-fues; i6-is; expedient. to-charge. the: two . series .of .compartments, alternately, 1he.
temporary grate and brick lining at.the bottom being removed from: the.compartment which it is proposed to ¢hargo.

Cingre deaeat o b pagorenin

The door is closed and securely fixed, and is then covered with a layer:of coke dust abous 1, foob thick., This iy done
to protect the door from heat; to close effectually the bottam. of the .compartment, ;zmd to, prevent loss of heat. , The
charge of coal is now introducedy and a.cover is placed over the top, luted with.coke, dusb.ov-clay, ... . . .

. _The gases, which are immediately evelved when the coal comesfjn;cohtacﬁ with theved-hotsides of the compartmen t.
pass into the surrounding free spaces, where they are burnt, and so sustain the heat of the oven,, An hour afterwayd
a second eompartment is charged. in like-manner, and, $0,in succession until @)l have heen charged. | SAS8 tha mnlomm‘
of ‘gas prodnced increases dnving the day-withithe number;of charges, it is necegsgry. to.open the:dampors, and all
that is required to be done.during the nightis gradnally to. shut, them again,in proportion as the eyolution, of, gas
decreases. Carbonization being completed atithe,end of the 24 hours,.on,the following day the coke is drawn {rom,
the first compartment at-the same time: as the charging took:plgee on. the, previous day.: Immediately. afterwand
the compartment is charged again. The process is thus continned without interruption, the coke bejng drawn from
each compartment 24 hours after if; has zeceived a eharge of coal.; No inconvgnience grises from the use of washed
coal which still retains moistures: By suitably deqreaging the admission of, .air.and the. exit of gases from the.pven
the charging may be omitted -on particular-days, and. yet the cheat. will continue: sufficiently high. to .enable, the
charging to b effected on the FOOWIREABT. i 4. 1r sommn ot st o e

The advantages claimed far this oven azeas follows:(e) o ./ v 5 .y i s e o v
ui L 'I:hlelcalciuatiop is etfected in a close chambér s6lely Try the ‘combistion ‘of - gas dédungaged from the coaly s condition fivorabla to
a bygn yleld. . i i e adiioent oo nl Dl R R TE TS 5 :
.. 2. The heating gurfago is very considerablo, zeqehing 190, squave eters, for a oh
the retort secyres a rapid and regular carbonization., L )
3 The flames from L the cofipartisgnts wiing o
4, "The vertical position of tli6" compartiméhite) bekid
eoke,swhile the arrangement ocouies lessspace, 1 1t
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X management of these ovens i not so simple a8 in some other \systems, and whern re pairs are vequired for one COMpPHT
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movable bottoms: The operation lasts: 24 hours, and produces 17:tons 8 hundréd-weight (2,240 pounds) of coke.
Taking inté’consideration'the water in the coal:(5:per-eent:) and in-the coke:(10-per cent.);-the yield would be 68%
per- cent., about ‘the' yield- in'a crucible.  The cost of the .construction’of ani oven of 18 reterts is about $10,000-
(50,000 francs); the'cost of coking at a French colliery,including the mixing and breaking of coal and-maintenance
of oven, amounts-to about 43 eents per-ton (2 franes 15 centimes); - . - L O
Dr. Percy, in summing up regarding the Appolt oven; makes the following remarks: (a) =

- Tlig b"w‘re'ﬁ“ differs much it construction from most other dolé ovens, a'n'(l‘:‘tb'peai‘é “cé)mpletel'j o fulfill +hé conditions of & close vessel
or retort. iAlthongh ﬂ‘,’ gertainly is:4 costly sttucture,'yot according tothe inventors the:eost in proportion to yield isless than in any
other kind of ecka oven.  Now, it hias heen previously;stated that.the non-coking, thick coal of South Staffordshire will cake and produce
o solid coherent, coke; provided, it be rapidly exposed to ahigh temperature in a perfeetly elose vessel ; and o prodigions amount of thefine
slack of such .coal has either heen waated or left in the pits because it could not be raised with profit. It may be possible to imitate on
a large scalo the conditions of the experiment in a crueble and to hent Tapidly a large mass of glack to bright rednéss; but of ‘all the
coke ovens‘kno‘vm to' e, tha,t on t{];ei A‘I)‘p‘olt Bystem: Segms to Belons of themost faverable to the solution of the problem,. =i v 7

M Méiielmi's‘,',h“bfvé‘\%eif,kihformv‘ed“yDr.'[I?éfcy”('.Tuﬁé,”l'S73)" thit some yoars befors he saw ‘theé Appolt  ovens at
work ngar Saarbriick, and that the late M. de Werndel, to' whom they belonged, and who was an’excellént judge -
of coke ovens, did not, at least at the time of Mr. Ménelaus visit, see any great merit in Appolt’s scheme, "~

“ While it thus appears that théoretically the 'Appolt oven'is thie'tiearest to @ perfeet coke oven, it s not tsed to
the same extent as either the Smet, the Dulait, or the Coppée. Lt is by far the most expensive to’ construct, ahd; as
has already been noted, the stoppage of opétations to repair one retort necessitates the stoppageof all. Lo

" As to whigh of the many forms of tlie Belgian oven is the best, but little information has been obtained, a
restilts of comparative trials have in but few instances Been made public; indeed, it would be almost impossible
to arrive at @ general conclision on this point.” Tt 4vill doubtless be found that one form will give the best resulty”
with one kind ‘of' ‘codl, while another forni will be better adupted to the coking of ¢oal of a differéit character, bit
it will always be found true thatinfériot coal of Whatever cliaracter will invariably give an‘inferior coke.  Someforms.
of oven may give a etter coke than ofher forms with the same coal. The true method is to study the eharacter of
the coal and adopt the oven that seems best suited to'it, having in ‘view economy of operation. At the Cockerill
works; at Seraing, Belgium, wheré a' nuinber 'of Smet ovens had been' used for some time, a trial was made of the
Dulait, but after careful and thorough experimenting it was abandoned and the preferenes given to the Smet, - On-
thé other hand, at the works of the Société Anonyme des Charbonnages ‘dé Marihaye, Belgium, some experiments

have been inade as to-the relative ‘value:
_ contents of the coke produced: -
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. In England, in the South Wales district, wher
England having coals of similar or inferior character
‘modifications in sokié dases, su
tried, no record has been found of
which the Dulait is-in some respect
not seem to meet with continued favor, as at this works,
As'noted by Perey in his Metallurgy;
improvements of the old tectaugilir Welsh oven.
seet to De sutdessive steps; and the late detion of ithe English cole manufacturer

all“of the Belgidan'o

poested by the experience of tlie Bnglish engineers.
any other form of Belgian ‘oven in nsé at the presént timé. The Cox oven, of -
s an imitation, and which was at one tinie used at the Ebbw Vale works, does
as stated elsewhere, Coppée ovens have been lafely built.
vens; with the éxception -of the Appolt, seem 10 De

o the Belgian oven h‘a‘sfb”eéﬁ‘ introduced, and in‘othier parts of
, the preference seems fo be given to thie Coppée ovens, with
“While other ovens have been

a1 this’ process of development the Bmet; Dulait, and-Coppée :

g would- indicate that with the -

inferior coals of that country the last step, in this development, that is, the Gp‘ppézgoyiepi 1s the best. =

quest

Connellsville, in this country, would not necessar.

1
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on-of -the-utmost iniportance:in:
and id.a8-difficalt to gnswer as it-is impertant:
produce the best coke under certain conditions,
changed, ., The  oven that iwould give the mo

eohhéétion. with the nia:nﬁf act

L

2

ure of: coke is; which is the best;‘ ,(_Wem g
Plie form bf oventhat might be the best, the most economical, and

would not necessarily be the Dbest when these conditions are’

st _satisfactory -results. with the 'codls of Durham, Bngland, or

ily be the best for the inferior

coals of France or Belgium,, .. .

a A full deseription of this oven can he found in Percy’s Metallurgy: Fuel.
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This question as to which is the best forin of oven, while it is one contingent on cireumstances, is hevertheless
answerable as to & given coal. It bas been thoroughly investigated in the chief coke-producing countries of the
world, and some decided results have been reached as to-the best ovens for the coals of the several districts. As
there is so great a variety of coals in this country, it may not be unimportant to give these results.

It seems to be quite well settled that with coals similar in character and cost to those of Durham, I‘ngland
and Connellsville, Pennsylvania, the bee-hive oven, not only as to the character of the coke, but on the score of
economy of operation, is the better form. The yield of these coals in coke is no doubt greater in the close distilling
ovens on the so-called Belgian plans, where the time of coking and consequent exposure is shorter than it is in the
bee-hive ovens, and the coke, in burning, is more or less exposed to the action of highly-heated atmospheric air,
but it bas been found in blast-furnace practice that this greater yield is more than compensated for by the larger
amount necessary to malke a ton of iron. This is a somewhat remarkable statement, but it has the sanction of the
best authority. Mr. I. Lowthian Bell, the distinguished English manufacturer and writer on blast-furnace
phenomena, while acknowledging, in speaking of the Belgian and bee-hive oven, («) that the yield was much greater
in the latter, ¢ alinost the whole of the fixed carbon being obtained as a coke, the exception being a very minute
loss incurred in drawing,”()) nevertheless found the useful effect in the furnaces inferior to that obtained from
the coke made in the ordinary oven. In consequence of this all his more recently erected ovens have Dbeen
constructed upon the old fashion. ‘

Mr. Bell also stated, at a meeting of the British Iron and Steel Institute at Paris in 1878, (¢) that his firm,
among many others, undertooL, at considerable expense, the inquiry as to whether it was possible to treat
English coal in the same way as coal was treated in France in the manufacture of coke. Both the Knab and the
Appolt ovens were tried, and while in both these systems the yield obtained was quite equal to their expectations,
they found in practice that whatever advantage was gained in yield was so much lost in the blast-furnace; that the
quantity of coal actually consumed in the manufacture of a ton of iron remained pretty much the same in each case.
In other words, he found if 30 hundred-weight of coal made 20 hundred-weight of coke in a bee-hive oven and 22§ in
an Appolt, that it would require the 223 hundred-weight of Appolt coke to do the same work in the blast-furnace
as the 20 hundred-weight of bee-hive coke.  They were compelled, therefore, to go back to the old bee-hive oven,
aud, as a resnlt, were using a considerably greater quantity of fuel than ought to be the case if the coke made in
the better description of ovens had prodnced an article equal in quality to that produced in the bee-hive oven.
He suggested, as one reason for this fact, that the extra coke was consumed in great part in the upper part of
the blast-furnace, but another and more simple reason was that as they invariably used a much greater quantity
of water in quenching the coke made in the Coppée and Appolt ovens than they did with the bee-hive, a portion of
the increased yield was due to the presence of water, and therefore more apparent than real.

There is perhaps another reason for this greater consumption of the coke made in Belgian ovens than of that
made in Lee-hiveovens. The flued ovens make a denser coke than the bee-hive, and it takes more of it to sinelt a
ton of pig-iron than of the more cellular coke of the bee-hive. In a word, the difference of consumption may be
largely due to the physical condition of the coke; and here it may be pertinent to say that the physical condition
of the coke produced with the several ovens is not receiving the attention its importance demands. (d)

Mz, A, L, Steavenson, a North of England engineer and writer on coke, went further than Mr. Bell, and elaimed
that coke was made in bee-hive ovens in the Cleveland district of England that it would be impossible to produce
in any of the Belgian ovens. After a study of coke-making in England extending over a period of twenty-five
years, he was quite sure that there was not any oven equal to the old-fashioned round oven for producing coka

- economically for the manufacture of iron. (¢)

These statements are fully borne out, so far as relates 1o the cokes made from our Broad Top and Connellsville
coals, by the careful and thorough experiments of Mr. John Fulton, mining engineer of the Cambria Iron Company. (f)

‘Speaking of the Connellsville coal, Mr. I'ulton says:(g) ;

The best quality of Connellsville coke treated in the Belgian ovens of the Cambria Iron Company produced a coke of very
olbjectionable density, especially in the bottom and middle of the charge,

A direct test to determine the relative calorific values of cokes made in bee-hive and Grobelt ovens, using
the same quality of coal in each kind, was made at the furnaces of the Kemble Coal ‘and Tron Company, in
the Broad Top coal region, Pennsylvama, by William Lauder, the general superintendent. The furnace in which

a Chemical Phenomena of Iron Smelting, I. Lowthian Bell, London, 1872, pages 314, 315.

b Transactions Instituie of Mechanical Engincers, 1871,

¢ Journal of the Iron and Steel Institute, No. 2, 1878, pages 346,347,

d Mr, Fulton suggests that the denser coke may not be as vigerous a fuel as the more cellular, or, in other words, that as many tons
of pig-iron could not be made in a week in a furnace using the denser coke as in one using the cellular. A comparison between the makes
of furnaces unsing Connellsville coke. and those using anthracite, which is practically a dense coke, will illustrate what is meant by o
*#vigorous fuel”.

e Journal of the Iton and Steel Institute, page 354,

J Bee Second Geologioal Survey of Pennsylvania, Report G {Harrisburg, 1878), pages 235 et seq. Also Report L, pages 117 ¢f seq.

g Report G, page 248.
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the tests were made is 14 by 60 feet, Wlth modern blowmo machmely and hot-blast oven. The ores are from the
Clinton group (No. V), well known as the Juniata fossil ore, containing 30 & per cent. of metallic iron. The increased
density of coke made in the Gobeit was very manifest. It was found that with careful management in both trials
it required 2,300 pounds of Gobeit coke to carry the same furnace burden as 1 ,900 pounds of bee-hive coke, Mr.
Lauder confesses his surprise at the results. While this coke was in the fur nace it took 5,196 pounds to 1 ton of
pig-iron; with the bee-hive coke 4,156 pounds for the same work. The loss, per ton of pig-iron made, is 1,040 pounds
of coke, or 20 per cent. If the furnace makes 250 tous a weelk, the less will be 1153 tons of coke, at $2 25=
$259 87 per week.

This testimony in favor of the use of the bee-hive oven for coking the coals of western Pennsylvania is further
strengthened by the action of certain coke manufacturers in that region, who, after having thoroughly tried eertain
forms of the Belgian oven, have, on increasing their coke-plant, built nothing but bee-hive ovens.

It may be assumed that, for coking, the character of coals, of which the Durham and the Connellsville may be
taken as the type, and lthlllg in consideration the fact that the use to whieh coke is most largely put is in blast-
furnace worlk, the bee-live oven is the best. It may be possible that in the development of the iron business and
the inereased demand for coke, coupled with the exhaustion of coal-beds and the necessity of going deeper and
farther into the hills for coal; in a word, with the increased cost of the character of ¢oal which is so admirably
adapted to the manufacture of coke, some modification of the bee-hive oven that will give a similar character of
coke without so great waste will be adopted but we are speaking, of course, of the present and the present
conditions.

In noting these results and opinions 1t is scarcely necessary to state that in the experiments recorded all forms of
the so-called Belgian oven have not been tested and the results compared with those obtained in the bee-hive ovens.
It is fair to presume, however, that tests made by such emivent engineers as Messrs. Bell and Steavenson in
England and Mr., Tulton in this country would ‘be carefully and thoroughly made, and that the Belgian oven
selected for trial wounld be regarded as the best form for the coal used with which they were acquainted at the time
the test was made.

It should also be noted that in these statements the colte is-considered only as to its value as a blast-furnace
fuel; the economy of coking is not taken into account.

It is also fair to state that the experience of Messrs. Laughlin & Co., of the Eliza furnaces at Pittsburgl, is
favorable to the use of the Belgian ovens. The oven they use is the old Frangois oven, improved by Mr. Henry
Launghlin, and are 22 feet long, 18 inches wide, and 5 feet high, flues being arranged vertically in the side walls,
which are 18 inches thick. Mr. Laughlin states that he has used Connellsville coal in these ovens with very good
results, the time of coking being very much shorter and the coke produced equally as good as that made from
the same coal in bee-live ovens, but the yield was greater. They also use at times a mixture of Connellsville coal .
and the fine slack from the Monongalela river, but for the most part use the latter alone after careful washing,
it making a lighter and more porous coke than the Connellsville coal. They get every 24 hours about 2,000 pounds
of coke from each oven. A remarkable difference between their practice and that ordinarily used with t-he Delgian
oven is that the coke is watered in the oven as in the bee-hive and is pushed out cold, and it may be possible that
the better quality of the coke from these Belgian ovens is in part due to this watering inside.

So far this question of the relative value of different forms of ovens has been considered only with reference
to the coking of coals similar to those of Durham, England, and of Connellsville, in this country, and it seems well
established that with these coals the bee-hive oven has so far given the bestresults; but all coals are not of the
charaeter of these, nor are they so easily coked. Mzr. I, Windsor Richards, of Blockow, Vaughan & Co.’s steel works
at Bston, England, very aptly remarked of the Durham coal : It would be very difficult not to make good coke with
it;” (@) and a simhilar statement may be made of the Connellsville coal. The question arises, regarding those coals
that in the Dbee-hive oven have made inferior coke, or, as they are termed, the “inferior coking coals”: Are any
better results obtained with these coals in the Belgian oven than in the bee-hive or similar forms?

The evidence seems conclusive that, with certain inferior coals, the Belgian oven produces a better coke than
the ovens of which the bee-hive is the type. In a word, certain inferior coking coals can be coked in the Coppée
or some other form of Belgian oven which cannot be coked in the bee-hive. Many coals do nof contain sufficient
hydrogenous matter to thoroughly ignite and agglutinate in the bee-hive; they lack the pitchy matter to supply
heat and bind the coal together in coking. In the Belgian oven, however, by reason of the greater heat, these
«coals catel -more readily, and, the process being quicker, they bind together better. In many cases where the
Belgian oven is used on these dry coals it is found advisable to mix them with eoals containing more “piteh”. This
has been done at the works of the Cambria Iron Company with their Belgian ovens, At the same time, however,
it seems to be a fact that the invention of the Belgian oven was the resunlt of necessity, not of advanced scientific
method. The Huropean coals for which this oven was designed were very dry material for coke—could not well
De ¢ stuck?” together in the old circular oven, and hence a costly applmm,e had to be used to make it posmble to use

these inferior coals in coke-making.
Up to 1852 coke was made in Belgium in bee-hive ovens, or in others with solid walls, somewhat similar in

: o Journal Iron and Steel Institute, No. 2, 1878, page 348,
€0, VOL., IXwmmn?
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construction to the bee-hive. At this time the cost of the bituminoqs coal used incr.eased to 'such la; figure ti]?ait; it
was necessary to use inferior coal for coking or to abandon iron-mak;ng. Out of this hgve grown the many forms.
of the so-called Belgian oven, the principles of which are desecribed in the chapter ?reatmg of oxren§‘. . .

The fact that the old forms of oven have been entirely abandoned in Belglum is the most: com*mc:mg evule‘l;u,e
that for the Belgian coals they are not the best form. The testimony as to which of 1.:he‘ many fom‘n}s of t‘lm B('a]gu)m
is the best is not conclusive, but it seems generally conceded in Belgium, as the result of F:m*eful .mn'l long-continned
experiments and comparisons, that almost any form of the oven is better than the'bee-luve for Lh.e_n‘ coal. '

A similar statement is true of France. The French coals chiefly used for coking are not typical cokmg;. coals,
being dry and quite impure, and consequently high in ash. In that country the coke :s generally .mude fn the
Coppée or Appolt forms of the Belgian oven. In the discussion of Professor' Jordaw’s 1)(1-1)(31", which l}mb bgeu
before referred to, Mr. Windsor Richards stated that his impression was that without the Oopp'ee or Appolt oven
coke-making in France would be impossible. (¢) In discussing this further, Professor J ordap said : (D)

The improved coke avens, Belgian or Appoli system, yield with the same qnantity of coal & hi gher 1'101'cenmg0 of coke ‘Ithm 1;110 old
bee-hive ovens, beeanse there was a smaller loss by combustion in the oven, and also becanse the proportion 9&‘ small colke or cinders WS
smaller, as was also the cost of working. It i3 a fact universally known to be true by the French and Belgian (.:oke manufoneturers tlat
the cost of production of a ton of coke in a Belgian or an Appolt oven is smaller than in a hee-hive oven, ’ljhuro is If&as coal nn‘d lf“fﬁ Iabox
required. For the Dlast-furnace process, coke must be considered as to its percentage of ash, and as to its porosity and friability, A
percentage of ash can be obtained as low in the improved coke ovens as in the old form ; indeed, by using the same coal, a purer colkoe
is producedin the new ovens, since the yield is higher. As to the porosity and friability, whick depend above all on the qu m} by andl L]}(\
physical state of the coal used, and also on the thickness of the layer of coal in the coke oven, the French manufncturors certainly obinin
in their improved ovens coke a8 dense and as hard, indeed, rerhaps more dense and more hard, than in the old beo-hive ovens.(oy
Therefore, Professor Jordan said he could not find an explanation of the fact recorded by Mr. Bell. Ie was not aware of any trial made
by iron-masters for comparing the two kinds of eoke for bhlast-furnace use, but all the blast-fornaces in the Loire distriet T formoerly
used coke made in bee-hive ovens, and actually now used coke manufactured in improved ovens, and they hadnever had any disadvantnge
resulting from the change.

Professor Jordan, referring to Mr. Richards’ remarks, agreed with them. The only coals to be got by IFfrench
irom-masters were generally inferior to those of Durham for coke-making. In old times, when tho consumption of
coke was not very extensive in rance, it was manufactured from caking coals in bee-hive ovens; this, for examplo,
was the case with the Loire coal-field, Now, however, that the wants of the iron trade have inereased other kinds.
of coal are largely employed. ) : C

Professor Jordan believed (d) that, in spite of the unfavorable results referred to by Mr. Bell, the Durham coke-
makers would adoptin due time the improved systems of coke ovens used in France, Belgium, and Westphalia. Tho
failures reported by Mr. Bell had also been incurred by German manufacturers in the Toire coal-field, where formerly
coke was made only from caking coal in bee-hjve ovens. There the improved systems had bLeen introduced in
practice later and more slowly than elsewhere, because the first trials had been made with systems of ovens which,
though having merits for other qualitiés of coal, were somewhat inappropriate for that used. He ventured {o
say that the same had perhaps happened to Mr, Bell. It should always be remembered that when making trianls.
with coke ovens of the Smet, Coppée, Appolt, or other class failare might result instead of success, in consequence
of a difference of some inches, more or less, in the breadth of the oven or the dimensions of a flue, or probably of
some units too much or too little in the percentage of hamidity of the coals prepared for carbonization., Thoege
improved ovens required also more attention and care than the old ones, ‘

In Westphalia, though the coa] is superior to the Irench for coking, being somewhat similar to the Welsh
steam-coal, it has been found that better results are secured by the use of the Belgian ovens than by the old style
of bee-hive ovens, The details and experience in the use of these ovens in this part of Germany have not been.
procured, but the relative number is conclusive evidence as to which form is deemed best. OFf the 5,300 ovens
reported in the Westphalia digtrict, the far greater number are of the Coppée system. Dr, Gustay N atorp, in his.
paper read before the British Tron and Steel Institute, says: ;

Althongh it is the opinion of some engineers that the coke produced in the bee-hive ovens is superior in many rospects to that of thoe

Coppée ovens, the former have, nevertheless, not heen generally adopted, since a coke can be far more cheaply produced in tho Coppéo

ovens, which answers all the requirements, not alone of onr native iron industry, but of that of Belginm, Luxembourg

1 y and France as
weli,

Lven in England itself there is strong evidence of the superioritjr of the Belgian ovens of the Coppéo system
for the manufacture of coke from certain of the British coals, especially those of South Wales.
Mr. Richard Meade, in his recent work on The Coal and Iron Industries of the United Kingdom, page 201, says:

The coke _manufactured in the ordinary way in South Wales, although exceedingly hard and dense,
all the economical results Possible. Experience has shown tha the carbonization of the co
coke thus mannfactured exhibiting, on examination, a considerable amount of dark carbo

does not appear to have atbainod
al is not.complete, the long, deep fissures in the
naceous matter not carbonized,

o Journal Iron and Steel Institute, No. 2, 1875, page 348,

b Idem, pages 349, 3:0.

¢ A confusion of denseness and hardness of coke may exist in some of these cases. Den
is explained nnder “Properties aud compogition of coke” :
is one in which the number of colls in the coke is small,

4 Journal Iron and Stecl Inatitute, No, 2, 1878, pages 352, 353,

: L : se coke is not desirable; hard coke is. As
, @ hard coke is one in which the cell-walls in the fuel are hard ; o dense coke
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At the Ebbw Vale iron works, in South Wales, 60 ovens were constructed on the Coppée system in 1874, and so
successful has been their use with the coals at these works that 60 more were erected in 1880. . In the same year the
Dowlais iron works decided to evect two blocks of 72 ovens each, and it was also reported that the Barrow Hematite
Company had decided to make a trial of their coal, which is a very much poorer coking coal than even the Welsh, in
these ovens. In Pembrokeshire, where the coal is not at all caking, good coke was obtained in the Coppée oven
with the mixture of 50 per cent. of anthracite dust with bituminouns coal and some pitch.

At the Dowlais works the first block of 72 ovens on this system was put into full operation early in 1881,
at which time they produced 1,000 tons a week of excellent coke from a coal containing but in a slight degree
those qualities that are considered necessary for coke-making. The success of these ovens at Dowlais led to the
ercction, in 1881, of a block of 72 similar ovens by the Rhymney Iron Company. (a)

From what has been said we think it is evident that while for coals similar to thoseé of Durham, England,
and Connellsville, Pennsylvania, under the present conditions as to prices and demand, the bee-hive oven is the
best form for coking. We think it is also evident that for other coals, which may be termed inferior coking coals,
similar to those of France, Belgium, Westphalia, those mentioned in South Wales, and the Cumberland district,
the Belgian system, or some form of the Belgian system, is better than the bee-live or a solid-walled oven.

As to the relative cost and results of the two systems, many comparisons have been instituted. Mr. Emerson
Bainbridge, who has gone very fully into the respective merits of the bee-hive and Coppée systems of coke
manufacture, has prepared the following summary of the chief points of comparison, which exhibit some interesting

features: (D)

Bee-hive. Coppée.
First cost per 2 tons of colkke per daF..vinnceciarccanan. £110 T8eovr veeennnnn, £100.
Time of BUrnIng. «covnvticmariiean e 48 to 120 honrs.... .. 24 hweurs,
Aves per ton of coke Aaily.-.oooroiaiia il 1,218 square feet.....| U84 square feet.
Per cent. of yield. oo oo e 45 per centb....ov..... 58 per cent.
Qutaide cooling-sutface per 21ton8 ....vvcnmraerannnns .| 1,002 square feeh..... - 175 squara feet.
Time in emptying and refilling............occoenoee 9 minutes .......... 8 minutes,
TUnits of heat in waste gases peroven...coaeauiaion.s -.| 966.710 1,401.584.
Labor charge per ton..cecceennreerinlonieniiinen e iinens LE N . \ 11d.

Mr. Fulton, in discussing this point, says: (c) ‘
The relative cost of making coke in each kind of oven is hereby given, with original cost of ovens and annual cost of repaixs, The
estimate contemplates banks of evens to produce 100 tons of coke per day, or 30,000 tons per year. Coal at $1 per ton delivered at ovens.

! BEE-HIVE OVENS.

B0 0vens, ab H200. ... oot et e i it e meinemeen e e aameeaonae e e e araeann $16, 000
Interest on investment, 10 yer cent. Per QlDIIM oo it ot o iias e e et e aaccatasec e -+ 1,600
Annual repairs and renewals, ab $10. .. oo o iaam i i e ittt e cams e e 800
$2,400 :

Then =28 cents per ton of coke.

30,000 tons.

COST OF COAL AND COXING.

1,60 tons of coal, at L PeTtON «vneet i e iiime it e cea Chaa iamasnansnemesweasanan s $L 60
Labor at ovens, charging and drawing........... et ananaaa S 27
Interest on cost of ovens and annual TePairs...cocveve cnaeiveaeennionas e meiesaasseaeveceremace s &

Coal, $1 60; coling, @te., 85 COMES. .. mmviaams coetiaiiae cene o e e eereaimaeiaan, 195

BELGIAN OVENS.

B8 OVOIIE. o e ee e ennaaueame eanamm e cammmeaman aaaneannnerea
Engine for pushing coke out of 0VenS...u.oa o n e et e i e
Annual repairs t0 engime. v ove vueaer e aei e iireadanraee e et tran s mamat e ea e an o o e s
Tracks for engine. .. ..c.civoovmmmmiseananans teeme e e e it svmeeeenns e cemeneoareeeas anas . 300
Annunal repairs $0 OVeIDS . e ey s ciae seomtne e nemereean aoeamemcaad csanaeeemaseceeiaeesstannee mennoaaa 310
Annual interest on investment (§43,800), at 10 per cent.. oo aeeviiiniiiieaa it 4,880
5, 240
Then $4, 880--4310--$50= i = 17} cents, nearly.

30,000 tons.

a Mr. Edward P. Martin, manager of the Dowlais iron works, writes me under date of November 23, 1882:

VWith regard to the question of yield of coke, we consider that the yield in the Coppée oven is hetter than in ordinary ovens; how
much, it is difienlt to say, as we do not weigh the produncts. With regard to the question of cost, taking into consideration the greater
output per oven, we do not think that the cost per oven per ton of coke made is in excess of ovens built on the ordinary plan. The time
of coking with us is 24 hours. The eoke, if we use a fair quality of coal,is good and hard, buf it has not that silvery appearance &o
taking to the eye which we get from good coal from ordinary ovens, Chemically and mechanically there is no difference in the quality,
as far ag we are able to judge, on the blast-furnaces. The cost per oven in this country is about £100 each, including roads, fonndations,
etc. 'The labor expense is less than in operating ordinary ovens. We have 72 ovens, and these 72 ovens burn out about 1,000 tons per
week, or 14 fons per oven per week. ‘

b Ure's Dictionary of Arls, Manufactures, and Aines, vol. iv, page 262.

¢ Second Geological Survey of Pennsylvania, Report G, pages 249, 250.
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COST OF COAL AXD COKING.

Coal, 1. 42 tons, at §1 Per toM. ..o oo it i e aeees mrnanen e nnnanenannas BL :l.l
Labor at ovens, charging, luting, pushing, etCeweeeeauen ocvrnn cvmoce cenannnn ceenaemr . e eenesen e, 234
Interest on cost of ovens and AnNUAY TEPAITS . cuams ot e oo it c e e e e e e e e e 17%

Coal, §1 42 coking, te., 41 CeMbE. cur vemac ve o i ceeant et et e e e e e e ae e e } 8t

The Belgian plant of ovens is the more costly in construction, hut less expensive in repairs and coking,

The economy in this class of ovens consists in the saving in coal to make 1 ton of coke, the saving in the work of
coke out of ovens, aud intheir annual repairs.

The bee-hive oven is less costly in construetion, but more expensive in annual repairs. Regarding the two systems in the aspeet of
ahsolute economy, embracing the interest of invested capital in their constrnetion with annual repairs of each, and withont any referonce
to the value of the coke made by each kind of oven, the Belgian exhibits an economy of 12 cents per ton of coke in its favor.

Mr, Fulton sums up the whole question as follows : (a) ‘

The inguiry as to the best oven will be confined to o comparison of the bee-hive and Belgian, the Appolt being regarded as plannod
for peculiar cases which are not emlraced in the limits of the present investigation.

The advantages of the bee-hive ave mainly as follows: first, it produces from the coal the best possible physical strnoture of coke;
second, it yields a unifolm quality of voke ; third, its coke watered out in the oven is produced in the driest condition ; fourtl, in rabbling
it out it is separated into diminutive pieces; and fifth, the operation of coking in it is simple, and tho cost of ovon and repairs modersty,

The Belgian or Francois oven has its advantages: first, it produces a uniform quality of coke ; and second, it is tle most ceonomical

3

discharging the

method of coking, . .

Its disadvantages consist mainly with the ordinary coking coals in making a dense coke. It requires skill in its coking operations;
it requires its coke to he quenched outside in a clumsy manuer, producing a damyp fuel; its cost is large, but its repairs moderate.

It is only especially adapted to the family of coals demaunding pressure in coking, to prevent too inflated a physieal strogture, and
to the peculiar cases hitherto noticed consisting of coals holding a minimum of volatile matter amdl requaiving washing.

Perbaps at present it is possible to secure coke made in the Lee-hive ovens from the excellent coals of the
Allegheny mountains at snch rates as would not Jjustify the attempt to coke what might be termed the “inferior
coking coals™ of the states of -the Mississippi and Obio valleys outside of the Allegheliy region, but in the noar
Tuture the question of the coking of these inferior coals will be one of considerable moment, and it is for this reason
that it has been discussed at length here,

2

THE UTILIZATION OF WASTE PRODUCTS.

The enormous waste in coking has heen 2 subject of earnest consideration on the part of coke-makers for many
years, and various methods have been suggested and tried for saving this waste. The waste heat has boeen
partially utilized— '

'First, by changes in the construction of the ovens, building them in bauks or blocks, and Ly the use of flues in
their sides and bottoms. ~

Second, by carrying the heated gases under boilers and utilizing them for raising steam. ‘

. _Thl._q Was'te‘of Leat, however, is a mere bagatelle to the waste of the by-products that pass oft during the
(hstlﬂugxou o% coal. In the manufacture of gas one of the principal sources of income is the sale of tar and
m‘nn?omacal liquors, and the amount and the valne of these by-produets in gas-making would searcely be ereditod
did it not have the sanction of sucl high authority. (b) ‘

‘ hThAe ’color mdustry‘utﬂizes practically all the benzine, a large proportion of the solvent naphtha, all the
2(1)11’; {acexle,t?nd 1? bortion of the naphthaline resulting from the distillation of coal-tar, and the value of the
ring matter thus pr a3 oiy £3.35 . . "
95000 ?con&; Og stﬂ :;1 i)tlodl;ced Was given as £3,350,000. The present production of 1,000,000 tons of liguor yields
Tl;e b :umufil i{ﬂ‘ue of. ta]jnn;)onm, which, taken at £20 10s. a ton, represents an annual value of £1,047,500,
s SorTed vddne ob the by-products of the gas-works of the United Kingdom may therefore be estimated

Coloring matter.............._..._... 23, 36
Sulphate of ammonia....... ... [ 17T e ey dd’('), '{')00
e " 365,000
Creosote (25,000,000 gallowsy......___.__ .. SR i EQ?’OOO
Crude cm‘boli.c acid (1,000,000 gallons),......;--...---...............-.““".... ----------- Lo I 83,888
Gas coke, 4,000,000 tous (after allowing 2,000,000 tons consumption in working the ratort;) m; 123 ------- 2, 400’ 000
RO RERR LT f
Total..,-.-......_...._.......
T e e e 8, 370, 500

PR b S

Taking the coal used, 9,000,000 tons, at 12s., as equal to £5,400,000, it follows that the by-products exceed in -

value the coal used by very nearly £3,000,000 ing r i
absomntets s ¥ #aU00,000.  In using raw coal for heating purposes these valuable products are
‘“WM s e — e —— _,._“.._._b._.._v___ S e r——
t; %eoagd Geological Survey of Pennsylvania, Report G, pages 248, 249 ’ . -
r" H s . . eg = :
emens, in his address as president befors the British Association at Southampton, August, 1882, estiniates that 9,000,000 tons
? ]

of coal were used an 11 the a3 kS I
i nua in the g wor of 8 Unlte(l ngdom, )].thlculg 500,000 tolls of Mr, 1’ 000,000 tong of Il‘mllloula(aalrll ‘lumé’:
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It is evident from this that the value of these products wasted in coke-making, which is essentially the same
as gas-making, is enormous. On the basis of the above estimate, assuming a consumption of 7,000,000 tons of
-coke annually in the blast-furnaces of Great Britain, there would be a loss of by-products to the value of nearly
£4,643,333%. Dr. Angus Smith, the English inspector under the alkali acts, estimates that 20 pounds of ammonia
are given off in the combustion of ewery ton of coal manufactured into coke. This would equal 27,524 net tons of
ammonia as the product of coke-making in the United States in the ecensus year. It is well known that there
exists an almost unlimited demand for sulphate of ammonia for agricultural purposes, all the more so as the natural
manures, such as guano, saltpeter, ete., are getting searcer and scarcer, or deteriorating with respect to the quantity
of nitrogen they contain. Ldtterly the ammoniacal liquor has also been used in the manufacture of soda under the
Solvay pateunts. . :

A number of attempts have been made in England, extending through a series of years, to utilize these by-
products, and ovens have been built and appliances attached to the ordinary bee-hive ovens for this purpose, but
with very little success nntil recently. While no difficulty was experienced in collecting these waste products in the

earlier trials, the coke was inferior, and there was some trouble in maintaining the necessary flues. Messrs, Pease
& Partners, in the north of Dnglfmd have quite recently started a block of 25 ovens, (a) to which they have applied
the Carvés plan, of whose success they speak very favorably. This plan has reached its best development at
Besseges, France, at the works of the Terrenoire Company, though it is in successtul operation at other places on
the continent, of Europe. On pages 102 and 103 will be found drawings of these ovens as modified by Mr. Henry
Simon, with a full statement of the working of the ovensand the results attained. (b)

In this oven the coal is rapidly carbonized by subjecting & comparatively thin layer to a high temperature in a
closed and retort-like vessel, the volatile products being burned around the outside of this vessel after they are
deprived of the tar and ammoniacal liquor.

Each oven is in the form of a long, high, narrow chamber of brick-work—a Belgian oven in fact—a number
being built side by side, with partition walls between them sufficiently thick to contain horizontal flues. Flues
are also fermed under the floor of each oven, and at one end of these is a small fireplace, consisting of a fire-grate
and ash-pit, with suitable door, the fire-door having fitted above it a nozzle, through which gas prodnced from the
coking is admitted to form a flame over some fuel burning on the grate. Only a very trifling amount of such fuel,
consisting exclusively of the small refuse coke, is used heve, its function being really more that of igniting the gas
than that of giving off heat, - These grates when in regular work are not charged with fuel more than twice every
twenty-four hours.

The praoducts of combustmn pass from the fireplace along a flue under the oven floor to the end farthest
from the fire, and return along another flue under the floor to the fire end. They then ascend by a flue in
the partition wall to the uppermost of several horizontal flues formed therein, and descend in a zigzag direction
along these flues, finally passing into a horizontal channel leading to a chimney. Thus the coke oven is heated
not only at the bottom in the usual manmner, but also evenly at the sides, and the coal with which it is charged -
becomes rapidly and completely coked., No air is allowed to enter the ovens. These ovens are fed with coal
through openings in the roof, over which coal-trucks are run on rails; and the coal is evenly distributed by rakes
introduced at end openings provided with doors faced with refractory material, which doors are closed and kept
tightly Inted while the oven is in operation. The feed-holes in the roof are also provided with covers. Through
the middle of the roof rises a gas-pipe provided with a hydraulic valve, which closes the passage by a lip projecting
down from it into an annular cavity surrounding its seating, in which it is immersed in a quantity of tar and
ammoniacal liquor lodged there during previous distillations. The volatile products of the coal-distillation rise by
the gas-pipe and are led through a range of pipes kept cool by external wetting, so that the tar and ammoniacal
liguor become condensed and separated from the combustible gas.

The quantity of these by-products depends, of course, mostly on the nature of the coal used as the richer the
coal is in bitumen or gas the greater the value of the by-produets.

Much also depends on the proper conduct of the temperature at the different stages of the coking process, for
it iy quite possible to obtain even from the same coal different proportions, quantities, and qualities both of the
coke and the by-products. Practical experience must in each case determine what is best adapted to local
requirements and circnmstances.

The cooling-pipes are conveniently arranged in pyramidal form, surmounted by a water-pipe having numerous
holes, so that a shower of water descending on the uppelmost and the outermost is scattered over all their
surfaces,

The gas, when thus separated from the condensed materla]s, is further passed through scrubbers.or vessels
containing coke moistened by the ammoniacal liguor, which, on being repeatedly used, becomes stronger and
stronger, until it reaches saturation, when it may be run off into reservoirs, to be tr eated in the ordinary way for

a Now (December, 1882) building additional ovens,
b Partly from a paper read before the British Iron and Steel Institute by Mr. Henry Simon, a and partly from Dr. Angus Smith's

fourteenth and fifteenth reports under the alkali aets.
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the preparation of ammoniacal compounds, or sold in its crude state for the manufacture of soda.

All valuable

by-products having thus been withdrawn from the gas, it is led by pipes to the nozzles at the fireplaces under the.

sole of the ovens, where it is burnt.

SIEMENS-CARVES OVEN.
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It has been found that the extraction of the gas from the ovens by artificial means (say a Beal’s exhauster,
similar to those nsed iu gas-works) is more regular, and therefore preferable to extraction by the natural draught

of the chlmney only, as the latter varies often according to wind and temperature.
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e 1W'hen ha e}lz'mvrge'i's nearly finished and ready to be taken from the oven some trucks full of coal are placed
eady {)n the raiis going along on thfa top of the ovens and over the charging-holes. The two end doors are then
opened. The mass of coke, measuring about 30 feet long by 2 feet thick and 6 feet high, is pushed out at the
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ans of a ram or piston, worked by a portable steam-engine running on rails
arrangement used with the Coppée ovens. The ram can be brought

en quenbhed as usual,

back of the even and upon thebank by me
in front, and similar to the weil-known
opposite to éach oven in turn. The coke is th
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Immediately after the discharge of an oven the tops are opened, and the coal from trucks emptied into the
hot oven and raked level. The doors and top openings are then closed again, and the process begun afresh. The
operations of discharging and refilling, when well conducted, need not take more than ten or fifteen minutes.

The Terrenoire Company, in France, originally introduced this process in the year 1867, and has since then,
from time to time, increased the number of ovens at their different works; but their proportions and method of
construction have, during these years, undergone continued and considerable alteration and improvement.

Experience has shown that a great deal depends upon the dimensions of the vertical sections of these ovens.
At the outset they were made too wide and too low, and the depsity or hardness of the coke was, under such
circumstances, not such as was desirable; but from a width of 6 feet 6 inches, they have been gradually reduced, until
at present they are 2 feet only, with a helght of atleast 6 or 7 feet.

The effect upon the hardness of the coke by the reduction in width has been quite beneficial. M. Jouguet, the
director of the Besseges works of the Terrenoire Company, gives the following table, showing resistance to erushing
of six different kinds of coke, experimented on by him in 1880:

[Resiastance per aquare centimeter in kilograms.]

Kilograms,
1. Coke from Carves ovens of 70 centimeters width (27 & inehes) ..o oiviomr oot ittt et reen e tnae cmmnan 66. 46
2. Coke from Carves ovens of 66 centimeters width (26 inches)...... e e teee o savestannerarann anasonn 79.72
3. Coke from Carves ovens of 50 centimeters width (1944 IncheB) .cueer coer cvvuarrcrce cmcmnsvaveas snannunn 92,32
4. Coke from bee-hive ovens of 50 centimeters width.... ... ... e vnemat amevenemmmen namak ammnnn 43,92
5. Coke from Belgian ovens of 50 centimeters width. ... .cooonacimmmn i 53,12
6. Coke from Coppée ovens of 50 centimeters width ........ Lmes maaasamccecrnennauane csraanacianana mene nann 80. 60

Nos. 1 to 3 show clearly that the har(lness of the coke increases as the width of the-oven or the thwkness of
the layer of coal treated decreases.

The time required for each charge varies according to the deseription of coal and the (hmensmns of the oven.
In ovens of a width of 2 feet a charge is finished every 48 hours; in ovens of a width of 3 feet 60 to 70 hours
are required. - .

At the Bességes works steam is produced to the extent of about 45 pounds and of 4} atmospheres pressure
per hour and per ton of coal coked, and under more favorable circumstances it is thought 59 pounds of steam
should be obtained. As at Besseges 1,400 kilograms (3,080 pounds) of coal are carbonized per oven and per
24 hours, it follows that, taking about 173 pounds of steam as necessary to produce one horse-power per hour,
each oven gives about 3% horse-power of motive power, and could be driven to about 4% horse-power. (@) At
Bességes all the machinery required in the manufacture of coke and its by-products is now Dbeing driven by
steam raised in this way, and there remains a large surplus, which is used in the blowing-engines for the Bessemer
process for lifting eharges to furnaces, ete.

At Baint-Ltienne, in France, coke was for many years made npon a somewhat similar system, but the
manufacture was discontinued in favor of Carvés’ system, which gives greatly superior results in every way.

There can be no doubt that much of the prejudice existing against these ovens and this system as the results
of early trials was just. The latter results also seem to indicate that the disadvantages of the earlier ovens
have been removed. The present increased heating surface of the ovens is the principal cause of this change for
“the better; for whereas in the first ovens the heating surface per ton of coal charged was only 18 square feet, and
was applied exclusively under the sole of the oven, in the last ovens the heating surface per ton of coal charged
amounts to about three fimes as much, namely, 54 feet, and swrrounds almost entn:ely the charge of coal, which
is much thinner than before.

The cost of ovens varies considerably, according to local circumstances. On solid ground much less expense
ig oceasioned in foundations. :

I annex a translation of the actual expense incurred in construecting the last battery of a hundred ovens ab
Terrenoire, which are each 19 feet 8 inches (6 meters) long, 2 feet 6 inches (0.73 meter) wide, and 5 feet 7
inches (1.70 meters) high. The length of the ovens but for local circumstances would have heen greater, as
thereby the power of production per oven is increased, with almost no increased expense of working. Hach of
these ovens fakes a charge of 5 tons of coal, and produees at the rate of from 1,100 to 1,400 kilograms (22 to 28
hundred-weight) of ecoke per 24 hours, according to the quality of coal used and the quahty of coke required. The
time occupied by one operation with this size of oven is from 60 to 72 hours.

a Oz, to express it more clearly, a battery of 100 ovens will furnish steam for about 400 horse-power over and above the making of
the coke and the rendering of the by-products,
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COST OF CONSTRUCTING ONE HUNDRED COKE OVENS ON THE CARVES SYSTEM AT TERRENOIRE, FRANCE.

[Ono cubic meter=1.3 cubic yard.]

Number Price Nunmber Price
Alasonry. of cubic | per cubic Total. Masonry. of cubic | per cubie Total.
moters. meter. metors, moter.

1. Ovens coxlnpleto, includin.g flues: Pramncs. Trancs. || 18- Woodwork, ete., for engine-house: France Pranes.
Digging out foundation..... feerenans 660, 87 2, 00 1, 82L. 75 Timber for house and shafting. . ..oooiorer i faerereennann §00. 00+
COTCTeEB. et eicnrrnrannercmenns masens 808,75 12.00 9, 645. 00 Four windows and two door8.mn. veerfoeerneenanailen- . . 304, 65-
Ronuglt BEONeS . e cmceiaie e mneans 100. 00 11.00-| 1,100. 00 ErTi b ok |- SRR FUTPUE IR 455. 00
Red brick....- 1,828.82 25.00 | 48,720, 50 Glass.... 78.00
Fire-Drick.cooeene covmse vnvens venens] 1,808.00 90.00 | 122,220. 00 3 (T I, 208. 00

2, Discharging platforms: B3 1 7 IS [ P, 165. 00
Digging out foundation.... ......... 32,00 2,00 64, 00
Rough stones.. 6. 40 11,00 70. 40 § Price
Dressed atono. 6. 40 60. 00 384. 00 Railway lines, doovs, and fittings, Quantities. er 100 Total,
Red brick...... rernessearsesvennonre- 79. 40 25.00 1,085, 00 kilograms.

3. Four chimneys:
Digging out foundation.......... ... 94,01 2,00 188.00 || 19, Railway lines: Eilograms.| Franes. Franes.
Rough stones. . R 77.10 11.00 848,10 Rails and chait8. o cveccccaicnenaaeean. 10, 780 25. 00 9, 6035, 00
Red briek.ceeeroamneiiciaannnne .- 840.08 25.00 8, 502. 00 Stone underchairs........... reeee 15,080 |,emvaennn.n. 210. 00
Pire-briek. .oveeieemmomoiiaromaiacaaa, 10,28 00, 00 1, 465.20 || 20. Doors:

4. Flues to Beal's exhanster, pumps, and (1118 6 13 P R 30, 380 25, 00 7, 595. 00

condensing pipes: Wronghtdron coveecrecieeeiaanaauans 5, 200 30. 00 1, 560. 00

Digging out foundation ....-........ 274,55 2. 00 518.10 i o Tittings:
Rough st0nes. ... ccuceeereernees e 1040 1100 | 1,314 40 WrOnghtdron. v eeseeecmeenrenn 88,334 30.00 | 10,000.20
Red brick...... 28.45 25,00 71125 i 95, Discharging-machine or ram:

5. Engine-house: Machine for discharging coke from |............f..... eeens 12, 000, 00+
Digging out foundation.............. 277, 81 2. 00 6565, 60 ovens.

Concrete..... .. Ceeessmnnennmea e 55,12 12,00 661, 45 Sleepers...covieens. Ceevmnvmnenaranan. 120 7. 00 840, 00+
Rough 8t0Ne8. ceevereevennen s 143, 85 11. 00 1, 582. 35 Rails.... [ 12,100 25,00 3,025, 00
Red UrieK meenn comeeecaecanvmaanaans 18.72 26. 00 468, 00 Chairs..c, o cevennee s 2, 250 25. 00 562, 50
. 6., Foundation for engine: Laying lines and fixing machinery...[.oeereann JA% PR 415, 00+
Digging out foundation.....cveeeuue. 54, 03 2.00 100. 85 | 23. Apparatus used in collecting the by-
Congreto........ 27,48 12,00 | 32075 Dt o fha valvoh o1 000 o 5 2500
Red brick. -..eeennsenss . 18.50 25.00 | 46475 pen apporting the vaive-boxes, ' .00 5,250.00
Dressed stne. ..ovoeeeeoneianns emne 8.30 60.00 201. 60 Pipes conneoting the valve-boxes, 2, 400 25,00 629, 500
7. Fonndations for Beal's extractors: cast-iron.
Digging out foundation...... PO 3.70 2,00 7.40 Valve.Doxes with covers, cast-iron... 19, 000 25, 60 4,750, 00+
CONCIOIB. «vrnmeevmncnneacismmanns ves 2,60 12.00 32,30 Valves with rods and keys, cast-iron. 1, 000 235, 00 250. 00
Rough BtONEB. . +evaven smraveconsran . , 24 11.00 35, 65 Cocks, cast-iron. ..eweeeeeeaaraaaaaan, 3, 700 25, 00 925. 60
Dressed SEON0. cuauvvenes vons veeennns 1. 60 60, 00 06, 00 Nozzles, cast-iron p 2, 800 25, 00 795,00

8. Pump foundations: TFurnace fronts and doors, cast-iron.. 35, 700 25, 00 §,925. 00
Digging out foundation.....c.cceeee. 1.65 2,00 3.80 Grate-bars, cast-iTon - -cves cvuvnaanen. 13, 200 25, 00 3,300. 00
Jonerete. ... vaee eemeamereeaas et 1.65 12.00 10. 80 Plugs for top charging holes, cast- 9, 000 25,00 2, 250.00

. 3,04 11, . 4 irom.
]I§ongh gt(;;:i' T 1.86 60 gg l:ﬁ Sg Gas exhaust pipes, castdron. .....-.. 11, 500 25,00 92, 875. 60
YCSSEA SAOMO. +rone oromeee TRt ) ’ ) Pipes conducting gas back under 9, 000 25, 00 4, 950. 60

9. Masonry under engino floor: furnace, cast-iron. i
Rough stones...-.ceome comemencnannss 2.23 11,00 24.55 Pipes receiving gos from the ovens, 28, 000 25.00 | 7,000.00-
Red bricK. oeveuaeeeaieencnnas [ 3.03 25, 00 | 75.75 cast-iron. .

10. Masonry for Field's boilers: ’ Rciagalzn gas-pipes to furnace, .cast- 8, 000 25, 00 2, 000, 00
Digging out foundation...cemeeanact 88,34 2,00 176, 70 N . . . -
e - t. - , 15-inch cylinder, '..... [N cescracerned 18,000, 00!
RoUgl: SEONES. wenerranees vee . 21.78 1o 803. 60 Ogg;iggglsggo e 1a-nch eylinden %
Red brek...ooenrennrenenee e 86.80 26,00 022.25 Trwo field boiders, With AHHNES. cuenerloeerenennns 8,000, 00-
Firebrick........ reearese . nn - 80,00 999. 00 TAFO PUMDE e mmwemeerennesn : 9, 000. 00-
11. Feed-water tank: I'wo Beal's oxtraotors 5,000, 00
Red brick. ...... vesmrnasaenesiranneas 2.25 25. 00 56. 256 Twelve §CTUDICTS ennernncrr e ceenne|oenoeen ‘ 19,234, 15-
12. Scrubbers: One water-tank......... 420 50. 00 210. 00
Digging out foundatien........ PR 17.01 2.00 34,00 Two safety-boxes, cast-iron.... . 2,600 25, 00 500. 00-
Tough stones 26.47 11.00 201,15 Two safety-boxes, cast-iron. .........|" 1, 400 25, 60 850, 00
Red brick.mvioneeneneonaee [ 843 . 25.00 210, 75 Lead for oints .. ceveevervaannean, 7, 698 40. 00 3,077.20-
13. Settling tank: Six ﬂrought-iroiltx tanks, each G0 cubic 17, 940 65, 00 12, 831, 00~
Digging out foundation.zeeaessesnne. 106. 10 2,00 200. 20 meters capacliy. .
Pulleys, cone pulleys, bearings, gear- 2, 547 100. 00 2, 647, 00
Rough stones,coewees coeacasuns crenne 2?. S’f 1%. 00 289. 50 x’ng.y:md pions Jor shafting, oast- "
Red brick. .coveenasreneemarsnecacacas 175 25.00 43. 75 iron.
14, Condensing tank: N Brass for bearings..... vo—————- PR 230 4.50 1, 035, 00-
Digging out foundation....... . 70. 68 2.00 141.35 Wrought-iron work for shafting..... 1,805 100, 00 1, 305, 00
Rough stones. ..... . 148 11.00 16. 30 Eleven leather Bet8 . ueeeronnenvnaans 207 8.00 9,876, 00
Red brick.......... [ 0.68 25, 00 17..00 BOIB- veecacecrar tocrrecnernn & e 1, 828 80, 00 1,462, 40
15, Other tank : Pipes between furnaces aufd exhaust- 62, 000 25,00 15, 500. 00
s " : n 5 ers and vice versa, pipes for pomps,
Digging out foundation..eeemeeceaans 3,68 2,00 . 7.85 Steam-pipos. foo d_plpp oo, pines Tor
Rough stones. ... - 28.15 11.00 264, 65 cooking water, ete., castdron,
. Red brick.-.... rmmmeaananee R 171 25. 00 42.75 Packing for joints, ete., sundry ex- |..-.... [T PR 2,400, 00-
16. Tar reservoir: pense (oil, coal, felf, laces, ete.).
. . 24. Scernbbers:
Digging out foundation........... .. 3. 67 2. 00 7.35 " !
Rough toneR: .- ... 1104 00| 19145 Timber-framing. ... ... 140.00 350. 00
i 5 5 Quartz...... [ 7.00 1, 081, 20+
Red Drick. cceevuvvrrvsrrmreneioennns 0.75 25, 00 18.75 .
25, Laying down of pipes forming integral | e-cueeaone- [ 9, 800, 00
17. Tank for ammoniacal water: parts of ovens and other apparatus.
Digging out foundation. 3.07 2.00 7.80 ] 96, Sundries..—..-..oeeens IR S rrenne 500. 00
Rough stones...... ... vee 12,28 11.00 ! 184, 56
0.75 25. 00 18. 75 Total:vrnnnnnes e ve--ua| 884,884,304
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The table shows altogether, say, about £15,500, or £155 per oven complete, with all machinery and apparatus
for collecting the by-produets, and ineluding rail connections, coke platforms, ete.

The repairs ot these ovens are—care and completeness in their first erection being presupposed—very low,

At Terrenoire they are given as three halfpence per ton of coke, which will compare very favorably with those
incurred in other systems. At Besseéges, where there is a lot of very old ovens, the cost of repairs, materials and
labor included, stands now, according to the very exact accounts of M. Jouguet, at under fourpence per ton of
coke made, The prineipal repairs are the renewal of fire-bricks over the grates in the sole of the ovens and the.
renewal of the cast-iron doors, which crack and break after a time. The last lot of ovens established at Bessdges,
in August, 1878, had not in 1880 required the slightest repairs. Much, of course, depends upon the temperature
-employed duaring the process, which, in its turn, depends upon the kind of coal coked and the dimensions of the
ovens. Narrower ovens, with more rapid carbonization, are subject to higher temperatures, and consequently to
greater extremes of temperature and liability to injury. Experience goes to show that after the first two years or
80 each oven may on an average lose one or two days a year through repairs. It will therefore be seen that
although the original cost of the ovens is large, the outlay for repairs is very much smaller than in the bee-hive
and others.

At Terrenoire the number of work-people employed on a battery of 100 ovens, producing over 100 tons of coke
per day, is 48 per 24 hours. This includes 2 foremen and 2 masons for repairs. Their wages are 184} francs, or,
say, £7 10s. per day, being at the rate of, say, 1s. 6d. per ton of coke for labor. ’

On the other hand, the cost of profucing the coke is given by M. Jouguet, of Bessdges, as about 3 francs, or,
say, under 2s. 6d. per ton, including all labor and materials and the cost of repairs.

Mr. Simon elaims the following advantages for these ovens, viz:

1. Greater yield of coke by a,bout 10 per cent.

2. Greater purity of coke.

3. Ayield of about 4s. worth of useful by-products per ton of coke.

4, An almost entire absence of smoke or noxious vapors,.

5. In comparison with any other existing system of coke- -ovens, equal facilities for 11t111zmg the heat, and a
reduced cost for repairs.

The following table shows the resnlts obtained by the ovens at Dességes during-the last twelve years, and up
to the end of 1879: (a)

AVERAGE RESULTS OF OVENS ON THE CARVES SYSTEM AT THE BESSEGES WORKS OF THE TERRENOIRE COMPANY.

1807.. | 1868, | 1869, | 1870. | 1871. | 1872. | 1878, | 1874. | 1875. | 1876. | 1877, | 1878, | 1870

0L CONTUMEB e ensvemrnn veemanemnnnsraeesscnnns tons..| 4,840 | 14,320 | 14,041 | 13,880 | 14,632 | 14,215 | 26,008 | 30,057 | 35,451 | 45, 881 | 44, 754 | 41,797 | 46,200
Number of coke ovens ceamvanan 25 25 25 .25 25 25 53 531 (%) 85 85 h 06
" 00Kk Produoedl, . e ceecre e aans -.tons..}. 3,075 | 0,054 9,675 | 9,272] 0,760 | 9,207 | 18 820 | 20,763 | 24,462 | 81,720 | 31,085 | 29,166 | 89,002
Production of coke per oven and per year......... do.... 120 3685 386 375 330 376 355 390 380 873 345 365 344
Tor obtained. ..oiiiiieiaivanains cevnasianiveeas 20,00 74 263 290 827 287 228 458 562 680 778 760 861 1,000
Ammoniacnl liqwor obtainad...... ... . 60! 1,073} 1,120 | 1,113 079 794 | 1,683 | 3,256 | 3,214 | 4,450 | 4,800 | B, 005 4,308
‘Sulphate of ammonia made} . ...coreeenvannnspanns. R PP 56 60 60 40 42 67 118 07 158 172 12210 .
Yidll of coke aceording to books .oovuevea... per cent..| 03.5 63.2 65.3 68.7 66.7 65. 2 69,7 69.0 69,0 G0.9 60. 4 09.8 70. 5
Yield of ooke after deduction of water contained in 7.2 67.2 6.8 6.8 70.5| 69.6| 73.0| 70| T4, 744 78.8 | 742 § 75
washod coal, per cent,
‘Tarpertonof coal.iouiiiirnaninniianiineaas g . .6 17.6 20.0 17.0 18.3 16.0 17.0 18.6 16.6 7.1 17.1 20,4 23.4
"Tar por tom of COKe.veeaeverenanaannan cmvans seena @ ann . 20,0 80,0 25.0 214 24.7| 257 27,1 240} 24.6 24,7 20,2 33.2

75.8 76.0 73.0 66, 0 65.7 62,5 { 108.5 9L o0 08,3 08.2 05,6 93.0
118.0 | 117,0 | 109.0 | 100.4 85,6 94.1 | 157.0; 132.0 | 140.6] 141,8| 137.0 182, 7
46. 0 28.0 16.0 17.0 18.8 20.3 21. 4 22.7 1.6 1.0 16,2 15.9

Ammouniacal liguor per ton of coal
Ammoniaeal liguor per ton of coke

Bmall fuel consumed under grates per ton of coke made,
Ikilograms.

* During the first eight months of 1875, 53 ovens were at work. During the last four months of 1875, 85 ovens were at work.

t During the flrst four months of 1878, 85 ovens were at work, During the second four months of 1878, 53 ovens ware at work; during the last four montha of
“1878 96 ovens woro at work,

1 The malking of sulphate of ammonia was given over in December, 1878; since then the ammonijacal llquor is gold direct.

§ Yield calenlated aftor deduotion of the water contained in the cokeas well as of that contained in the conl after it is washed,

In all industries the subject of waste is a most important one, and in many the profit of to-day is from the
‘waste of ten years ago, which better methods have saved. Our resources of coal to-day may be enormous, and the
need of economy not apparent, but every waste of these resources is the act of a spendthrift. Dr. Angug Smith
says in one of his yearly reports that ¢ the present method of making coke in England has all the appearance of-
reughness and savagery whick extravagance always produces”. ' He might extend the charge to coking in this
country.

@ There were at the close ‘of 1882 three works in France using the Carvds system—Tamaris, Terrenoire, and Bessdges. The total
samonnt of colke produced by this system at these works is about 300 tons per duy. v
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